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INTRODUCTION 
The laboratory diagnosis of tuberculosis deals with the 
identification of virulent tubercle bacilli. Toward this end threE 
procedures are available to the bacteriologi~t: 1) Acid fast 
staining of a smear of the clinical material. 2) Culturing the 
clinical material on appropriate media to isolate the causative 
agent, and 3) Inoculation of guinea pigs with the clinical materia 
In cases where the clinical evidence of tuberculosis is clear-cut 
the bacteriologist need perfo~ only the first procedure which is 
the simplest and quickest of the three procedures. However, in 
~ost cases more observation of acid fast organisms under the micro-
scope is not enough and the organisms must be isolated either by 
culturing on artificial media or by inoculating guinea pigs. The 
inoculation of guinea pigs has the advantage over the artificial 
media procedure in that it also constitutes a virulence test. 
It would not be essential to perform the guinea pig viru-
lence test if all acid fast organisms cause tuberculosis in man. 
There are many types of saprophytic acid fast organisms and non 
virulent acid fast organisms Which are found most anywhere. Due 
to improvements of culture media and methods for isolation of acid 
fast organisms and the high cost of using guinea pigs there has 
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een a tendency to omit the use of guinea pigs and concentrate on 
rtificlal culturing of the tubercle bacilli. However, it is es-
sential that we have a laboratory means of distinguishing virulent 
acid fast organisms from non virulent acid fast organisms. 
In the last deeade or so several 1E vitro virulence test 
ave been proposed which are more rapid and cheaper than the guine 
ig test. Of these the dye test of Dubos and Middlebrook seems to 
e the most promising and deserving of our attention. 
STATEMENT OF THE PROBLEM 
The problem of this investigation is to obtain a better 
nderstanding of the mechanism behind the Dubos-Middlebrook cyto-
chemical virulence test' for Mycobacterium tuberculosis and possibl 
to obtain a simplified modification of this cytochemical virulence 
test. 
· 
REVIEW OF THE LITERATURE 
Before reviewing the literature on the neutral red test 
several factors in relation to the problem of virulence determina-
uion in tuberculosis will be discussed. With this in mind the 
~uthor will discuss the organisms that may be confused with the 
~ubercle bacilli and the various tests proposed to distinguish be-
~ween the virulent tubercle bacilli and the saprophytic and non 
~irulent atypical forms. 
The term "tUbercle bacillus" is restricted to four types 
pf pathogenic acid fast bacilli, the human, bovine, avian and mu-
rine. Human tuberculosis is usually caused by the human and bovine 
~ypes. The other members of the family Mycobacteriaceae all pos-
~ess the staining characteristics and general morphology of the 
~ubercle bacillus. In general they grow luxuriantly and compara-
~ively rapidly on common laboratory media even at room temperature 
~nd below. The characteristics which are considered by most, and 
~pecifically cited by Hastings and McCarter, as prerequisites be-
Pore an organism can be considered a human or bovine tubercle ba-
cillus are: I} optimum growth at 37 C; 2) slow growth, that is, 
taking approximately one week to show visible growth; 3) no growth 
on plain agar media; 4) grows only upon the surta~e of media; 
4 
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~) will sensitize an animal to subsequent inoculation with a viru-
~ent tubercle bacillus; 6) pathogenic for guinea pigs if human 
strains and for both guinea pigs and rabbits if bovine strains. 
It has been known for a long time that the saprophytic 
acid fast organisms are ubiquitous in nature. Reports of the iso-
lation of atypical mycobacteria fram human sources are appearing in 
~he literature with increasing frequency. The questions arises as 
vO the difference between. the saprophytic acid fast organisms and 
~he atypical mycobacteria. Both types being so far considered non 
pathogenic for guinea pigs and human beings. Both types are usuall r 
pigmented and usually grow faster than the tubercle bac illus. The 
difference is not clear-cut. The saprophytic forms aPe common in 
nature, associated usually with cold blooded animals or free living 
~n water or soil. They may also be found on man. They produce 
visible growth on laboratory media wi thin 24 hours. The atypical 
types of mycobacteria are unusual either in shape, si~e, staining 
quality or colony characteristic, and which are reported as being 
Pound primarily in association with patients in the hospital Who 
show symptoms of tuberculosis. They grow more rapidly in labora-
tory than the virulent tUbercle bacilli but usually at a rate inter-
nediate between the virulent tubercle bacilli and the saprophytic 
~ypes. They are non pathogenic for guinea pigs and rabbits but are 
pathogenic for mice and hamsters when given in large doses. 
A non pathogenic acid fast organism was first discovered 
n a fish by Bataillon, Dubard, and Terne in 1897. This bacillus 
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grew rapidly at lOoe and was not pathogenic for guinea pigs, rab-
bits or fowls. In 1889 Sibley described acid fast organisms in 
snakes, and Hansemann in 1903 reported them in a python, but cul-
tures were not obtained by these workers. 
One of the better known saprophytic organisms isolated 
from cold blooded animals is the turtle bacillus discovered by 
~riedmann in 1903. This organism was utilized unsuccessfully by 
friedmann as an antituberculosis vacoine. This organism grows 
equally well at 22 as at 370 e and is not pathogenic for guinea pigs. 
Another group of saprophytes are the various acid fast 
organisms isolated from grasses, seeds and milk. Examples of these 
are the timothy bacillus of Moeller (1899), bacillus tUberculoides 
of Beck (1905), Korn (1899) and Tobler (1901). All grow well at 
room temperature. Some produce an orange or reddish pigment. 
Otherwise they appear much the same as cultures of tUbercle bacilli 
They are rapid growers. 
Included in the saprophytic acid fast group is the 
smegma bacillus Which may be mistaken for the true tubercle bacil-
lus especially in examinations of urine and feces. Alvarez and 
~avel discovered the smegma bacillus in 1885 and seem to be a nor-
nal inhabitant of the orifices of animals and man Where sebacious 
grease is abundant, hence the name smegma bacillus. Morphological-
ly and culturally it is similar to the tUbercle bacillus. Gordon 
and Smith (1933) in an attempt to describe various species of sap-
~ophytes describes the smegma bacillus as usually slender, of 
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varying length, curved and beaded. Growth on glycerol agar in 2 to 
3 days is spreading, finely wrinkled, waxy, creamy yellow to pale 
orange. 
In 1909 Brem made smears from tap water and distilled 
water in his laboratory and found numerous acid faat organisms. 
~pon inoculation of guinea pigs they did not cause tuberculosis in 
the animals. Care must be taken in diagnosing tuberculosis merely 
by smear and acid fast staining since the organisms may be sapro-
phytes from the water used in staining. 
In 1931 Frey and Hagan studied soil samples from various 
parts of the world and cultured from everyone of one hundred 
~amples acid fast organisms. 
According to Willis and Cummings (1952) the saprophytes 
~ay be found in. man particularly in nalal discharges, sputums, ear 
~axes and stool. 
In 1939 Lester isolated 130 strains of saprophytic acid 
Past bacilli from 26, 343 human specimens. This being an incidence 
of 0.5%. Of the 130 specimens 75 or 57% were fram stomach washing~ 
13 or 10% from sputum and 24 or 18.4% from urine. 
In a total of 5000 sputum cultures Pinner (1935) found 
~hat 0.9% showed growth of saprophytic acid fast bacilli. 
Willis and Cummings (1952) quoted Smith as having found 
~light1y more than 1% of the cultures obtained fram sputum were 
~cid fast saprophytes. 
Many saprophytes have been isolated throughout the years 
-8 
~ut it is the opinion of Willis and Cummings (1952) that they may 
~ll have a common origin. It is believed by these authors that the 
~urtle, trog, snake and fish acquire their acid fast saprophytes 
~rom the grasses in the water in which they live and that horses 
~nd cattle acquire their saprophytes by ingestion of phlei bacilli 
~long wi th the hay that they eat. 
The literature on the occurance of atypical mycobacteria 
~ound in human beings whether normal or diseased is voluminous and 
~o attempt is made here to review it. The works of Pinner (1935), 
~arshis (1952) and Frisch, Wolinsky (1957) et al,Schmidt (1957) 
~t aI, Timpe and Runyon (1954), Crow (1957) et al, Wison and Morton 
(1956) should be consulted. Most of these studies deal with organ-
~sms which are somewhat different culturally from the tubercle 
pacilli. However no agreement has been reached by bacteriologist 
pn the classification of acid fast bacilli labeled as atypical on 
pulture. As revealed by Crow (1957) et al reports fram widely 
~cattered sections of the country and even from local areas show 
~hat there are differences in cultural growth and other character-
~stics. 
Atypical mycobacteria have been isolated from patients 
with lesions considered tuberculous, While others have reported 
such organisms isolated from patients with pulmonary disease con-
sidered nontuberculous. Isolation of atypical forms have also been 
~ound in persons with normal chest picture. There appears to be no 
ponstant human source for these organisms and although isolated 
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primarily from sputum, they have been obtained fram skin, tonsils, 
~Brs, nasal secretions, mucous membranes, urine and exudates from 
~arious lesions. 
Yegian and Budd (1953) and Griffith (1916) described 
cases Where acid fast organisms that were culturally and morpholog-
ically ident~cal with human tubercle bacilli were isolated from 
human beings. They were distinguished solely on their inability to 
cause t,uberculosis in guinea pigs. 
The last group of organisms which should be considered 
are the initially virulent tUbercle bacilli which upon maintainence 
in laboratory media for a number of years developed into avirulent 
strains. They no longer have ~he ability to cause progressive 
~uberculosis in the guinea pig. The H37Ra, RIRa, JHI6Ra avirulent 
strains are examples of these initially virulent human strains. 
Jlhe history of thes;e strains is described by Steenken and Gardner 
(1946). They represent an important group because they are prob-
~bly just a few examples of avirulent variants that may a1so be 
~ound in nature. 
While the guinea pig virulence test is the standard and 
nost reliable test in use today the disadvantage of such an 1a vivo 
~n1mal virulence test is the necessity of maintaining animals and 
~he time required before results of the test can be obtained. 
~ithin the last decade or so various in vitro tests have been de-
~ised to get away from these two objections of the guinea pig 
virulence test. 
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In 1940 Schain and Petroff found that growth of tubercle 
bacilli was partially inhibited insolid media containing 15 to 25 
units of diphtheria antitoxin per ml. In 30 to 60 units per ml 
the multiplication of the bacilli was inhibited entirely. It was 
found subsequently that there is an inverse ratio between the 
virulence of acid gast organisms and amount of antitoxin required 
to inhibit its growth. Virulent tubercle bacllli such as H37Rv 
were inhibited in concentrations of 30 to 60 units whereas aviru-
lent tubercle bacilli such as H37Ra were inhibited in concentra-
tions of 75 to 90 units and a cid fast saprophytes such as M. smeg-
matis and M. phlei were not inhibited in concentrations of up to 
125 units of antitoxin per ml of medium. This relationship was 
suggested as being useful in determining virulence of acid fast 
organisms. 
However in 1946 Wagley and Steenken Jr. attempted to 
repeat the experiments of Schain and Petroff but found little 
correlation between virulence and inhibiting concentration of 
diphtheria antitoxin. The effective inhibitory concentration of 
antitoxin varied from one strain to another and over a wide range, 
irrespective of virulence of the cultures. There were no marked 
zones of inhibition produced by the antitoxin that would be help-
ful in differentiating between virulent and avirulent human tuber-
cle bacilli. 
Middlebrook, Dubos and Pierce in 1947 working with the 
standard H37Ra and H37Rv strains and other virulent and avirulent 
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stock strains discovered that when the virulent strains were in-
oculated in Dubos tween Albumin media with 0.02% of tween 80 it 
gave rise to growth consisting of bundles, ropes or cords of 
bacilli in which the long axis of each cell was oriented parallel 
to the long axis of the cord. This tendency of the virulent 
variants to form cords can be completely inhibited by CUltivation 
in media containing 0.05% or more of tween 80; under these condi-
tions the culture becomes highly diffuse and consist predominantly 
of isolated bacterial c ells. Transfer of this highly dispersed 
culture to a medium containing no tween 80 or a low concentration 
of this substance results again in the formation of cords. This 
cord formation was not considered an artifact of cultivation since 
it was found that short but definite cords and bundles of tubercle 
bacilli arranged themselves in parallel in the brain tissue of miCE 
infected intracerebrally with high dilutions of a diffuse culture 
of H37Rv. It was also demonstrated that cords would form in the 
yolk sac of chick embryos infected with H37Rv or with other viru-
lent cultures of mammalian tUbercle bacilli. In contrast the 
authors found that the avirulent variant, H37Ra has never been 
observed to form definite cords under any condition of growth. It 
grows as non-oriented clumps. However it is the personal observa-
tion of the present author that the avirulent H37Ra will form 
cords when inoculated into normal enembryonated eggs. Middlebrook 
et al had also observed that the strain RIRv and the BCG strain 
which possess low but definite virulence would form cords in media 
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with no tween 80 but not in media containing more than 0.01% of 
this sUbstance. Thus it takes a lesser amount of tween 80 to in-
hibit cording in the less virulent strains. This is an implica-
tion that the less virulent the strain the less strong or tight is 
the cording. However it should be pointed out that Bretey et al 
in 1945 observed cording in rapidly growing cultures of sapro-
phytes. On the other hand Middlebrook et al ignored this observa-
tion on the basis that the organisms of Bretey et al was so diffe~ 
ent in characteristics from the H37Rv and H37Ra that they could 
never be confused with these standard virulent strains. 
Although Middlebrook et al is credited for relating 
cording with virulence of the acid fast organisms other workers 
have also observed that cultures of mammalian tUbercle bacilli may 
grow in the form of microscopic serpentine cords. 
In 1948 Bloch noticed that the distilled water extracts 
of chick embryos when incorporated into the media would cause avi~ 
ulent H37Ra to form well defined cords, and growth assumes again 
the usual unoriented pattern as soon as the strain is returned to 
media without the chick embryo extract. 
In 1952 Yegian and Kuring found that the addition of a 
small amount of normal human blood serum or plasma to liquid tween 
albumin. gives rise to marked serpentine growth of virulent tuberc~ 
bacilli. Normal sera from different animals proved to be as effec-
tive as human serum. One of the strains studied by these authors 
failed to show agreement between growth pattern and virulence. 
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This strain a streptomycin-dependent variant derived from the 
parent virulent H37Rv strain, proved to be a good cord former 
although it was not virulent for guinea pigs even when the animals 
were treated with streptomycin. The authors concluded that in 
general While all cord formers are not necessarily virulent, all 
virulent strains are cord formers. 
Thts enhancement of cord formation by normal sera could 
be explained somewhat by the observation of Davis and Dubos in 
1946 that unheated sera or plasma has esterase activity for tween 
80, splitting the oleic acid from the rest of the molecule and 
thereby destroying the surface active effect of tween 80. This 
surface active effect of tween 80 tends to disperse the tubercle 
bacilli and prevents clumps to be formed in the liquid media. 
In 1950 Bloch noticed that When wet bacilli are suspend 
ed in hydrocarbons such as paraffin oil or petroleum ether, cord-
ing is disrnpted. Thus he used petroleum ether to extract the 
cord factor. He put the virulent bacilli into petroleum ether 
with stirring for five minutes, spun down, filtered and took the 
supernatant and evaporated off the hydrocarbon. The sediment was 
dissolved in ethyl ether and then precipitated with ethanol. This 
extract was colorless, amorphous and waxy, melting at 30-31 C. It 
was soluble in ehter, petroleum ether, paraffin oil, normal hexan 
heptane, chloroform, benzene, and dioxane.' It was insoluble in 
ethanol, methanol, acetone, water and pyridine. It was acid fast 
and inhibited the migration of leucocytes in,vitro Which is a 
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characteristic of virulent tuvercle bacilli. 
In 1953 Asselineau, Lederer and Bloch using the method 
of Anderson in extracting lipids from mycobacteria found that the 
so called cord factor could be extracted out by this method and 
the activity was found in the wax C fraction. This wax C fraction 
is in general obtained by first extracting the tubercle bacilli 
wi th ethanol-ether. The remaining cells are then taken and extrsc 
od with chloroform. The chloroform extract is then treated with 
hot acetone and this substance whioh is coluble in hot aoetone is 
called the wax C fraction. 
In 1933 Aksianzew, using the standard Thunberg techniqu 
reported that virulent myoobacteria deoolorized methylene blue 
more rapidly than did BCG. In 1946 Roulet, Sydler, and Zeller, 
studying the enzymatio degradation of certain oxyacids by myoo-
baoteria, observed incidentally that ~. smegma tis decolorized 
methylene blue at a more rapid rate than did the human tuberole 
bacillus. 
In 1950 Bloch while studying the behavior of different 
dehydrogenases from tuberole bacilli using the Thunberg methylene 
blue method, observed that methylene blue was more quiokly deoolo 
lzed by suspensions of avirulent than of virulent tuberole baoill 
In the presenoe of different substrates such as glycerol, meth-
ylene blUe was deoolorized only by washed suspensions of sapro-
phytes, avitulent tuberole bacilli, and strains of BCG. In some 
instances, the age of the culture was important for the outcome 
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of the experiment. Whereas cultures of avirulent or saprophytic 
strains decolorized methylene blue at the same rate regardless of 
the age of the culture, suspensions of BCG and of some strains of 
virulent bacilli did not decolorized methylene blue as long as 
they were obtained from young cultures, but began to do so when 
obtained from older cultures. The methyle~e blue decoloration 
has the character of an enzymatic reaction. The temperature 
o~timum of the reaction is 390 e with pH optimum between pH 7 and 
8. The factor is inactivated by heating the bacilli at 56 0 C for 
3 minutes. Although suspensions of virulent bacilli grown in 
media containing a high concentration of tween 80 will decolorized 
methylene blue. The authors state that While saprophytic myco-
bacteria decolorize methylene within 3 minutes, and strains of 
avirulent bacilli or BCG within two to 15 minutes, the young 
virulent strains do not decolorize methylene blue within sixty 
minutes. Here the factor of time is considered important. 
In 1951 Wilson, Kalish and Fish made potentiometric 
stUdies on various strains of mycobacteria. Using the Beckman 
Model G pH meter adapted to determine oxidation reduction poten-
tials it was found that all virulent strains of mycobacteria such 
as the H37Rv and bovine strain Ravenal gave almost identical oxi-
dation-reduction curves throughout the growth period. The H37Ra 
and BCG strains presented curves different from those produced by 
the virulent bacilli or acid fas:t saprophytes. From the same 
stUdies of approximately -0.2 volts would be decolorized by 
16 
avirulent strains but would not be affected by virulent strains 
of mycobacteria. Four redox dyes were selected for use in a dye 
decolorization test; all of the dyes, having an oxidation-reduction 
potential of -0.2 volts or thereabouts. One and a half tenths of 
a ml of the four dyes were placed in three rows of depressions of 
a white porcelain spot plate. To the first row nothing was added. 
To each of the four depressions of the next row was added approxi-
mately 5 mg of the avirulent saprophyte Mrcobacterium phlei 
scraped from a slant of Lowenstein medium. The same amount of the 
virulent H37Rv was added to the last row. The suspensions were 
mixed thoroughly by means of a wooden applicator. Within 15 
minutes, the four dyes containing the saprophytes were completely 
decolorized. The dyes containing the avirulent organisms retained 
some color. With this method 34 saprophytes isolated from patho-
logic material and which showed typical cultural characteristics 
gave non-virulent reactions. They decolorized the dyes. However, 
7 out of 230 wild strains of human tubercle bacilli gave reactions 
typical of virulent strains. They did not decolorized the dyes. 
A drawback of this test aside from the inconsistent results just 
mentioned, is that mixed cultures containing both virulent and 
avirulent organisms may give a reaction indicative of only aviru-
lent cells and therefor mislead the investigator. Another draw-
back of the test is that the amount of cells used is critical. If 
less than 5 mg of saprophytes are used a false positive reaction 
may occur; more than 10 mg of virulent cells on the other hand may 
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caUse decolorization of the dyes. Cultures used must be viable 
with potential danger to the person performing the test. It was 
admitted by the authors that the test in its present form is 
unsatisfactory for routine use as an ~ vitro virulence test to 
replace animal inoculations because of the false reactions. 
In 1953 Whitehead et al studied 154 strains of myco-
bacteria in regards to their ability to hydrolyze phenolphthalein 
disulphate. All 51 strains of the saprophytic studied showed 
ability to hydrolyze phenolphthalein disulphate. The hydrolysis 
releases phenolphthalein into the media Which is detected by addi-
tion of NaOH dropwise. Under the same conditions all the strains 
of Mycobacterium tuberculosis (human type) and most of the bovine 
types failed to hydrolyze the compound to a detectable extent. 
However, 16 of the 51 strains of saprophytes showed only very weak 
activity and the standard H37Ra strain showed no activity. The 
authors conclUded that more work need to be done before this test 
can be applied as an aid in the determination of type or virulence 
of mycobacteria. 
In 1952 Singer and Cysner devised a simple test for 
urease activity. The growth from solid media is suspended in a 
0.5% urea solution and ammonia production determined at various 
times with Nessler'S reagent. Eleven strains of tubercle bacilli, 
and 53 strains of saprophytes were studied for urease activity. 
It was found that although all of these strains had urease activit 
it was possible to differentiate the tubercle bacilli from the 
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saprophytes by the rate of breakdown of urea. Those strains 
which show ammonia production in six hours or less should not be 
considered tubercle bacilli; none of the 11 strains of tubercle 
bacilli showed ammonia in less than 6 hours. However, the slow 
splitting of urea is no proof that the strain concerned is a 
tubercle bacilli since H37Ra showed ammonia only after 2 days. 
Twenty one saprophytes showed ammonia only after 24 hours. 
Of all the in vitro virulence tests devised in the past 
decade the neutral red test seems the most promising and the one 
which is accepted most widely. 
In 1948 Dubos and Middlebrook using the standard H37Rv 
and H37Ra strains found that when virulent tubercle bacilli were 
placed in an alkaline barbiturate buffer of pH 9.4 to Which is 
added a small amount of neutral red the cells will bind the dye 
and become red. This occurs usually within half an hour to an 
hour. At that time the dye remaining in solution is yellow where-
as that fixed on or in the cells is red. In the case of the 
avirulent H37Ra, no significant fixation of the dye occurs and the 
cells are colored amber like the supernatant solution. It was 
stated that many unrelated substances in the media can mask the 
reaction and therefor the cells should be washed twice with 50% 
mehtanol at 370 C to eliminate these SUbstances from the cells. 
In 1949 Dubos and Suter discovered that cultures frown 
in the presence of high concentrations of asparagine (0.5%) failed 
to bind neutral red unless they were prewashed thoroughly with 50% 
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methanol. On the contrary, cultures grown in media in which as-
paragine has been replaced by glutamic acid, give a positive 
neutral red test even without prior wash1ng. It was also discove~ 
ed that it is not asparagine per se which exerts this inhibitory 
effect but some metabolic product of the bacilli growing in the 
presence of the asparagine. It was shown that ammonium salts 
inhibit the viruletn cells from binding the dye unless they were 
washed thoroughly with methanol. These findings apparently ex-
plained the reason that wahsing of the cells with 50% methanol is 
necessary f~ a proper result. 
In the same year Haudurou and Pasternak in France studie 
67 strains of virulent tubercle bacilli and 67 strains of sapro-
phytic acid fast organisms and found all virulent strains to give 
a positive neutral red reaction whereas the saprophytic strains 
gave a negative reaction. Besides,this, 4 pathogenic and 4 non 
pathogenic actinomyces, 4 virulent toxigenic diphtheria and 4 
pseudodiphtheria, 6 coagulase positive staphylococci, 4 coagulase 
negative staphylococci were studied and found to give negative 
neutral red reactions. It was interesting that 4 acid fast strainl 
which showed cultural characteristics like the saprophytic strains 
but giving a positive guinea pig virulence test also gave a posi-
tive neutral red test, which points out the close correlation of 
guinea pigs test with the neutral red test regardless of the cul-
tural characteristics of the organisms. 
In 1950 Richmond and Cummings in evaluating the neutral 
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red test studied 19 strains of acid fast bacilli. There were 13 
virulent strains, one attenuates, and 5 sprophytic strains. It 
as found that the degree of intensity of redness was not correlate 
with degree of virulence in the guinea pig. The redness was con-
stant for each strain but varied from strain to strain. All 
strains virulent for the guinea pig was neutral red positive but 
one saprophytic strain from a radish gave an intense neutral red 
test. There was good correlation between cording and a pes itive 
neutral red test. The strains recently isolated from human infec-
tion showed more intense color reactions than did the stock viru-
lent strains which had been carried for some time in the laboratory 
It as interesting to note that the standard H3?Ra strain which is 
considered avirulent gave a slightly positive neutral red test. 
Along with studying the neutral red test Richmond and Cummings 
also studied cording and found that there was very little correla-
tion between cording and animal pathogenicity. However, it was 
stated that this was probably so because the Dubos tween albumin 
media in Which the cells were cultured oonsisted of 0.02% tween 
80 and Dubos h~d specifically stated that if the media consisted 
of more than 0.01% tween 80 cord formation is poor. 
Morse, Dail and Olitsky in 1953 found perfect correla-
tion between neutral red test and guinea pig virulence in 168 acid 
fast strains culturally consistent with Mycobacterium tuberculosis 
Twelve acid fast chromogens gave negative rea test as did the 
H3?Ra strain used as control. Four human, 3 avian and 2 bovine 
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lyophilized stock mycobacteria gave positive neutral test whereas 
lyophilized stock M. laticola, M. stercosi, M. leprae and M. phlei 
gave neutral red negative reactions. There were two acid fast 
strains which gave neutral red positive tests but failed to infect 
the guinea pig in repeated tests. However, when these two strains 
were inoculated into chickens the results indicated that they were 
apparently avian strains which ordinarily are non pathogenic for 
guinea pigs. It is pointed out that if the neutral red test had 
not been available, these two strains, on the basis of their cul-
tural characteristics and guinea pig tests would have been classi-
fied as non pathogenic mycobacteria. However, this two strains 
were guinea pig positive when first isolated. The authors con-
clude that the neutral red virulence test is just as indicative 
of virulence as the conventional inoculation of experimental ani-
mals. The neutral red test however has the advantage of saving 
appreciable time in the diagnosis of tuberculosis, and of reducing 
the health hazard to laboratory personnel which is present When 
animals are used for pathogenicity studies. 
In 1954 Hughes, Moss, Hood and Henson reported a study 
of 191 cultures of acid fast organisms isolated from patients. Of 
these 189 were neutral red positive and virulent for guinea pigs. 
The remaining two were found to be acid fast strains of Norcardia 
species. Known avirulent mycobacteria such as Norcadia asteroide~ 
acid fast non pathogens, and various gram positive and gram nega-
tive cocci and bacilli, yeast and molds all gave negative neutral 
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red reactions. 
Robbins et al in 1955 studied a series of virulent 
tubercle bacilli, saprophytes and chromogens and found only the 
virulent tubercle bacilli to give positive reactions with the 
neutral red test. 
With the increase use of antibiotic therapy in tuber-
culosis, especially with isoniazid, there is appearing more and 
more in the literature reports of the relationship of isoniazid 
resistance and guinea pig avirulence. In this respect Patnode, 
Dail, and Hudgins studied the relationship between isoniazid 
resistance, guinea pig virulence and the neutral red test. It was 
found that all strains of tubercle bacilli isolated from patients 
receiving isoniazid, and resistant to isoniazid to varying degrees 
were attenuated in virulence for the guinea pig. However these 
resistant organisms did not differ from non resistant typical 
virulent strains in giving neutral red positive reactions or to 
form cords in Dubos broth without tween 80. These isoniazid 
resistant organisms also showed a negative oxidation-reduction 
reaction which is typical of virulent mycobacteria. 
In 1955 Wayne studied the neutral red test on organisms 
cultivated on millipore filter discs that were placed on top of 
Lowenstein-Jensen egg medium. The supposed advantage of this was 
to have a method Whereby you could observe cording and neutral ree 
test very early in the growth of t he organisms since the millipore 
disc can be taken off and examined under the microscope to see if 
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growth was present and if the organisms were corded and neutral 
red positive. The neutral red had to be modified somewhat to make 
it applicable to the growth on the filter disc. This was done by 
staining the growth on the filter disc with a saturated solution d 
neutral red in 95~ ethanol for 10 minutes, then decolorize with a 
saturated aqueous sodium carbonate solution for 5 minutes and 
finally removal of the excess reagents with 95~ ethanol for I min-
ute. The stained growth on the filter disc was then dried and 
mounted on a slide in permount fluid under a cover slip and obser~ 
cd under the microscope. It was stated that six days old growths 
or older could be studied by this method. However it should be 
noted that with this method.strains of BeG, 1 strain of M. ulcer~ 
1 strain of a saprophyte and 4 strains of attenuated human myco-
bacteria were neutral red positive. No virulent mycobacteria were 
neutral red negative. 
Independently in the same year Krasnow applied the neu-
tral red staining technique to cultures of mycobacteria grown on 
filter paper. The method is essentially the same as that of Wayne 
except that Whatman No. 1 filter paper was used instead of the 
millipore filter disc. The authors did a parallel study of more 
than 50 mycobacteria cultures using both the millipore filter and 
filter paper methods and found both to give identical results. 
Based opon the neutral red reaction and cording, all of the myco-
bacteria tested could be divided into four groups. Neutral red 
positive and corded, neutral red positive but not corded, neutral 
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red negative but corded, and neutral red negative and not corded. 
All the virulent stock strains were neutral red positive and cord-
ed. Four strains of BCG also fell into this group. Two avirulent 
variants of M. tuberculosis ~. hominis, M. ulcerans, the radish 
saprophyte and 10 of 11 strains of chromogens were found to be in 
the group of neutral red positive but non corded. Mycobacterium 
phlei was the only organisms which exhibited cord formation and 
yet was neutral red negative. The authors stressed the use of 
parallel orientation rather than serpentine growth as a criteria 
of cording. It is believed by the authors that the microcolonial 
test used is useful as a means of interpreting the history of an 
organism. That is, a mycobacterium cultured from a patient, and 
which is neutral red positive and corded is probably derived from 
a virulent mammalian tubercle bacillus, even if such an organism 
is presently incapable of producing progressive disease in animals 
In this fashion they expla.in away the fact tha t 4 strains of BCG 
that they stUdied were neutral red positive since BCG historically 
came from a virulent bovine culture. The writers concluded that 
a strain of mycobacterium negative by one or both criteria (neutra 
red reaction or cord formation) is not a virulent tubercle bacil-
lus. It should be noted that the results obtained by Krasnow 
should not be classified under the neutral red test as originally 
proposed by Dubos and Middlebrook as the neutral red test as done 
by Krasnow and by Wayne is modified in that the concentrations of 
the neutral red, the buffer and the time each is applied to the 
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organisms differ. This in essence may make the neutral red test 
as done by Dubos and Middlebrook and the neutral red test as done 
by Krasnow and by Wayne two different tests entirely. It is con-
ceivable that it is possible to change the concentrations of the 
neutral red and buffer in the original neutral red test to such 
an extent that all organisms including the saprophytic acid fast 
organisms would give a positive red color.-
Buchanan in 1955 modified the neutral red test by elimi 
ating the 50% meth~nol wash and reading the reaction after 1 hour 
inCUbation at 37oC. Of 121 strains of M. tuberculosis, 120 gave 
a positive reaction as did the vole bacillus and BCG. The aviru-
lent and chromogenic cultures gave a negative reaction. The re-
sults on the whole were like those of most other workers. There 
was close relationship between the neutral red test as performed 
according to the original Dubos and Middlebrook method and by the 
modified method where the washing procedure was eliminated. Of 65 
strains of mycobacteria compared in this way only 2 strains were 
negative by the modified mehtod but positive by the standard 
method. The modified test was performed on growth taken from 
Lowenstein-Jensen cultures Whereas the work first done by Dubos 
and Middlebrook liquid Dubos tween albumin media was used to cul-
ture the organisms. In a similar experiment done independently by 
the present writer it was dound that elimination of the methanol 
wash may work if the test is read after several hours at room tem-
perature instead of after 1 hour. Elimination of the methanol 
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wash will not work if the cultures are from liquid Dubos tween al-
bumin media. 
After Hauduroy introduced the neutral red test in Europ~ 
Vial1ier and Tigaud in 1953 found that they could quantitate the 
neutral red reaction by using the spectrophotometer to measure 
color intensity. They also found that by using a certain propor-
tion of neutral red-buffer they could observe the neutral red re-
action under the phase contrast microscope. Using this method t~ 
found they could dispense with the 50% mehtanol wash. With the 
phase microscope it was also possible to determine the percentage 
of colored or stained cells in a cell suspension at various stages 
of growth. It was found that in the early lag phase there was a 
large proporation of unstained cell s. The authors also pointed 
out that culturing the ciru1ent cells in deficient media affected 
its ability to give the neutral red test. 
In 1953 Desbordes introduced the Nile blue virulence 
test which is essentially the neutral red test except that a diff-
erent basic dye, nile blue is used and at a pH of 11 ins~ead of pH 
of 9.4. Here the virulent cells are colored blue while the aviru-
lent cells are colored rose. 
There are two theories which are proposed for -the mechan 
ism of the neutral red test. The first is that proposed by Des-
bordes and Fournier in 1950 which leaves us to understand that 
since neutral red is a vital stain and a redox indicator the neu-
tral red test depends on a intracellular oxidation-reduction poten 
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tia1 differing with the strain used. 
The second explanation ispproposed by Asselineau and 
Lederer in 1952. Here the authors leave us to believe that a 
certain wax fraction purified after the method of Anderson, which 
is insoluble in hot acetone and called the wax D fraction, is 
responsible for the neutral red test. The authors have found that 
this fraction varies in concentration in various strains of myco-
bacteria, the virulent strains having a greater concentration than 
the avirulent strains. The Dubos and Middlebrook neutral red test 
was applied to the wax D fraction and the wax D fraction of the 
virulent strains gave an intensly red reaction. 
CHAPTER III 
THE IMPORTANCE OF THE 50% METHANOL WASH IN 
THE DUBOS-MIDDLEBROOK TEST 
Dubos-Middlebrook Test: 
a) spin down cells from 2 week old culture in Dubos medium and 
discard supernatant. 
b) wash cells twice with 50% nethanol, cells being maintained for 
one hour at 37°C in the methanol each time before being sepa-
rated by centrifugation. 
e) resuspend washed cells in 5 cc of 5% NaCI-I% sodium barbitu-
rate buffer. 
d) add 1 cc of 0.01% aqueous neutral red solution and observe at 
room temperature. 
Using this procedure the H37Rv cells should be red and the H37Ra 
cells should be white within the hour. 
Two week old cultures of H37Rv* and H37Ra* Dubos medium 
were spun down, supernatants discarded and 5 cc of barbiturate 
uffer was pipetted into the H37Rv and H37Ra tubes followed by one 
cc of 0.01% aqueous neutral red. Atter one hour at room tempera~ 
tUre both the H37Rv and H37Ra cells were positive, that is, were 
colored red to pink. 
The experiment was repeated using surface growth from 
Loewenstein-Jensen cultures. Both the H37Rv and H37Ra cells 
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showed a positive reaction. 
The above experiments were repeated several times with 
the same results. This shows that if the methanol wash is omitted 
both virulent and avirulent tubercle bacilli give a positive test 
A few ccts of Dubos medium was added to a tube with a 
ixture of 5 cc of the barbiturate buffer and I cc of the neutral 
red. Instantaneously a red tinge resulted in the originally amber 
solution. 
To a clump of H37Ra cells which had undergone the neutra 
red test with a negative reaction was added a cc or Dubos medium. 
The cells turned pink. 
~ The strains of M. tuberculosis mainly used throughout this 
dissertation were H37Ra, the avirulent variant of the human 
strain, H37; and H37Rv the virulent variant. They were obtaine 
from Dr. W. Steenken Jr., Trudeau Laboratory, New York. 
(Steenken and Gardner 1946) 
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To Determine if Distilled Water Could be Used in 
---
Place ~ 1h! 50% Methanol 
Two weeks old cultures of H37Rv and H37Ra in Dubos 
medium were washed twice with 5 cc of distilled water, with one 
hour incubation at 370 C for each wash. Five cc of the barbiturate 
buffer and one cc of the neutral red solution were added to each 
tube and the readings made after one hour at room temperature. 
Soth the H37Rv and the H37Ra cells had turned a red color. 
The same procedure a s above was used on growth from 
solid Loewenstein-Jensen cultures of H37Rv and H37Ra. With a wire 
loop a clump each of H37Rv and H37Ra growth was placed in separate 
tubes and washed twice with distilled water with 1 hour inCUbation 
at 370 C for each wash. Five cc of the barbitUrate buffer and 1 cc 
of the neutral red solution was then pipetted into each tube. 
~fter one hour at room temperature both the H37Rv and H37Ra cells 
showed a pink positive reaction. 
The results of these experiments in table form: 
Liquid cultures Color reaction Solid cultures Color 
H37Rv red H37Rv pink 
H37Ra red H37Ra j)ink 
Distilled water apparently can not be substituted for 
the methanol. 
Varying the Concentration £! !h! Methanol 
in the Wash 
---
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One clump of H37Rv from a 3 weeks old Loewenstein-Jensen 
slant was placed in each of 5 tubes. In another series of 5 tubes 
was similarly placed one clump of H37Ra cells. 
One tube each of H37Rv and H37Ra were washed twice with 
30% methanol. The second set of H37Rv and H37Ra was washed twice 
with 50% methanol, a third set with 60% methanol, a fourth set 
with 70% methanol and fifth set with 95% methanol. All washings 
were done at 370 C for the standard 2 hours. Into each of theSe 
ive pairs of tubes with the washed organisms was then pipetted 
5 cc of the barbiturate buffer and 1 cc of the neutral red. The 
tubes were kept at room temperature and readings made every 15 
Inutes up to 1 hour. 
• 
set 
1 
2 
3 
4 
5 
Effect ~ Washing ~ Different Concentration of Methanol 
Time in Minutes 
rileth~ 
conc. 30 45 60 
M.re M.re M.re 
30 c. c. c. 
M.re M.re M.re 
c. e. 
re re 
70 c. c. 
v P.re P.re 
H37Ra 95 D c. c. c. c. 
means colorless 
means maroon red 
d 
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This experiment shows that equally good results are 
obtained with methanol in concentration from 30 to 95%. 
Etfeet ~ Washing Cells !1!h Various Solvents 
Various solvents were used in place of 50% methanol to 
prewash the cells. In all cases two washings at 370 C were used 
prior to subjecting the H37Rv and H37Ra cells from 3 weeks old 
Loewenstein-Jensen cultures to the buffer and neutral red. After 
the solvents were discarded the tubes containing the solvent 
treated cells were lett to stand overnight to evaporate ott any 
remaining solvent. Results were read one hour after the cells 
were placed in the buffer-neutral red mixture. 
Results: 
Pretreatment Cells Neutral red reaction 
isoamyl alcohol H37Rv red 
H37Ra white 
butyl alcohol H37Rv red 
H37Ra white 
isopropyl alcohol H37Rv red 
H37Ra white 
chloroform H37Rv pinkish 
H37Ra white 
carbon tetrachloride H37Rv red 
H37Ra mite 
-
acetone H37Rv pink 
-
H37Ra white 
ether H37Rv white 
H37Ra white 
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pretreatment Cella Neutral red reaction 
-
pentane H37Rv red 
H37Ra white 
-
benzene H37Rv red 
H37Ra white 
-
petroleum ether H3'7Rv red 
H3'7Ra white 
-
50% methanol control H37Rv red 
H3'7Ra white 
-
With the exception of ether, acetone and chloroform all 
the chemicals tested could satisfactorily replace methanol. 
Effect ~ Varying ~ Concentration ~ 
Buffer and Neutral Red 
- -
a) Three different concentrations of neutral red were 
used with H3'7Rv and H37Ra cells from 3 weeks old Loewenstein-
Jensen cultures in the standard test procedure. 
Concentration of Neutral red 
Cells 0.O05~ O.O25~ 0.05% O.Olif (contro1l 
H37Rv lavender pink red pink 
H37Ra white pink red white 
-
b) Two different concentrations of barbi tura te buffer 
were used with H3'7Rv cells and H 37Ra cells from 3 weeks old 
Loewenstein-Jensen cultures in the standard test procedure. 
r--
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Concentration of Buffer 
0~5%'barbiturate 2% barbi tura te 1% barbiturate 
cells 2.5% NaCl 10% NaCl 5% NaCl (control) 
-
H37Rv pink lavender pink 
-
H3'7Ra pink white ?bite 
-
If the neutra 1 red concentrati on is increased much above 
the standard 0.01% the H37Ra cells become colored and the test is 
not differential. If the buffer concentration is reduced much 
below the standard the H37Ra cells become colored. 
Neutral ~ !!!! !! Different pH's 
The different buffer solutions were made according to 
Clark and Lubs (Hawk and Bergeim, Practical PhYSiological Chemis-
try page 24). Three weeks old H37Rv and H37Ra cells from Loewen-
stein-Jensen cultures were used. Readings were made one hour afte 
the 50% methanol prewashed cells were placed in the neutral red-
o 
buffer solution at room temperature. 
pH of buffer H37Rv H37Ra I2H of buffer H37Rv H37Ra 
6.0 red red 9.0 red ;2 ink 
7.0 red red 9.4 red white 
7.4 red red 9.6 red white 
7.8 red red 9.8 red white 
4 
8.2 red red 10.0 red white 
8.6 
-
red red 
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For the test to be differential the pH of the bufter 
must be 9.4 or greater. 
Detection ~ Dye Absorption £I the H37Rv and H37Ra 
Cells £I ~ JI!! 2! ~ !2.!..2 Solutions 
Four (three weeks ola Dubos medium) cultures each of 
H37Rv and H37Ra were spun down and the standard neutral red test 
performed. The results of the test were recorded after one hour. 
Then one tube each of H37Rv and H37Rawere treated with 3 cc of 4 
respective acids. After the acid treatment the acids were neutral 
ized by adding O.lN NaOH to the cells, after which the cells were 
reacidified with a new supp ly of the respective acids. 
Results: 
Tubes 
Treatment cells 1 2 3 4 
Neutral red H37Rv red red red red 
test H37Ra white white white white 
Addition of 0.1 M acid: KH2P04 citric acetic lactic 
H37Rv red red red red 
H37Ra red red red red 
Addition of O.lN NaOH 
H37Rv red red red red 
H37Ra white white white white 
Addition of O.lM acid: KR2P04 citric acetic lactic 
H37Rv red red red red 
H37Ra red red red red 
It is apparent from these experiments that both the 
H37Ra and H37Rv cells absorb the neutral r';ed dye. 
Influence of Temperature .2.!! the 
Neutral Red Test 
--
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Using three week old Loewenstein-Jensen cultures of 
H37Rv and H37Ra both the modified* and the standard neutral red 
test were performed at 5 different temperatures, namely 25°C, 300q 
370C, aOc, and 560C. 
In the standard test the alcohol pretreatment was per-
formed at 37°C. After the cells were immersed in the buffer neu-
tral red one pair each of the tubes containing the H37Rv and the 
H37Ra cells respectively were placed at one of the 5 different 
temperatures for one hour. 
Results: 
Modified neutral red test 
cultures (3 weeks old) 
Lowenstein-Jensen 
H37Rv cells 
time 25°C 30 
10 min white white 
30 min pinkish lavender 
60 min pink pink-red 
a6idlfloat1on with 
O~lNHCl red red 
H37Ra cells 
10 min white white 
30 min white white 
60 min white white 
37 a 
white white white 
lavender white white 
pink-red white white 
red red red 
white white white 
white white white 
white white white 
acidifica-
tion with 
O.IN Hel red red red 
37 
red red 
* The modified neutral red test will be discussed in detail in 
later experiments. The two 50% methanol washes are eliminated 
and the cells added directly to a solution containing 1 cc of 
50% methanol, 1 cc of the barbiturate buffer and 1 cc of the 
neutral red. 
~H*, Supernatant from H37Rv and H37Ra tha t had undergone modified 
neutral red test at 56 degrees centigrade were poured out and a 
second modified neutral red test were done on these same cells 
but now at room temperature. 
Results: R37Rv ••• pink 
H37Ra ••• white 
Results: 
standard neutral red test 
Loewenstein-Jensen cultures (3 weeks old) 
R37Rv cells 
time room 30 37 
10 min lavender lavender pink 
30 min lavender lavender pink 
60 min lavender- red red 
red 
acidification 
with O.lN ReI red red red 
R37Ra cells 
10 min pinkish pinkish pinkish 
30 min pinkish pinkish pinkish 
60 min white white white 
8 56 
pinkish pinkish 
pinkish pinkish 
pinkish* pinkish 
red red 
white white 
white white 
pinkish* white 
acidification 
with O.lN HCl red red red 
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red red 
* Both H37Rv and H37Ra are pinkish ar icebox temperature (8 de-
grees centigrade). However after the one hour in the icebox the 
H 37Ra tubes were taken out and put into the 560 C water bath and 
in ten minutes the H37Ra cells showed a negative reaction. 
Following the same procedure the H37Rv cells were pink after 10 
minutes. 
With both standard and modified tests temperatures much 
above 370 C are unfavorable and the H37Rv cells remain uncolored. 
The same is true at very low temperatures. 
Relative Amount ~ Dye Absorbed £1 H37Rv ~ H37Ra 
The vaccum dried cells used in this study were from 4 
weeks old Loewenstein-Jensen cultures. Into each of five 50 ml 
beakers was placed 0.3 grams of H37Ra cells and into each of a 
second set of 50 ml beakers was placed 0.3 grams of H37Rv c,ells. 
Into each of these 10 beakers was then placed 15 ml of the bar-
biturate buffer and 3 ml of the neutral red. After 2 hours at 
room temperature 16 ml of the buffer-neutral red mixture was 
pipetted out. Eight ml of absolute methanol was then pipetted 
into each of the 10 beakers. After 2 hours 8 ml of the mixture in 
each of the 10 bekaers was pipetted into separate clean tubes and 
each acidified with six drops of lN HC1. Each of the 10 tubes was 
then read on the Klett Summerson Colorimeter with a blUe filter. 
Comnlete extraction of the dve . .f.IoJ1nl-.tha ~ -.WB.~ ~hA~k.:t.d. f'nTt hv 
adding acid to the cells. No red color resulted. 
Results: 
Beaker No. 
1 
2 
3 
4 
5 
H37Ra 
107 
97 
110 
106 
105 
Colorimeter readings 
H37Rv 
99 
88 
90 
90 
88 
39 
Average ••• 105 Average ••• 91 
std. dev. ~ • / 23.5 = 4.95 
~ 
std. dev. /84 = /21 = 4.6 
"""4 
s. E. diff. / {4.85}2 + {4.6)2 = 9/11.1 = 3.34 
-,- ~ 
105 ~ 91 : 4.1 
3.34 
There seems to be a significantly greater amount of dye absorbed 
by the H37Ra cells. 
Neutral Red Test Performed on Cells Killed 
------- --- ---- ~-------
~ Various Chemical Agents 
Into duplicate sets of 4 tubes were placed respectively 
5 cc of 5~ phenol, 5 cc of absolute ethanol, 5 cc of 0.27 mercuric 
chloride, 5 cc of ethe~. Into each set of tubes were placed a 
clump of prewashed cells from three weeks old Loewenstein-Jensen 
cultures. The cells were allowed to remain in the chemicals for 
30 minutes after which the chemical agents were discarded and the 
cells rensed twice with 5 cc of distilled water. Five cc of the 
buffer and one cc of the neutral red were then pipetted into each 
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tube. After one hour at room temperature the results were read. 
ks a water control the H37Rv and H37Ra cells were immersed in dis-
tilled water for 30 minutes. As a control 6f killing effect a 
loopful of the aqueous suspension of the cells after treatment 
with the respective agents were smeared onto Loewenstein-Jensen 
slants and incubated for six weeks. No observable growth were 
seen in all cases except in the controls. 
Cells phenol ethanol mercuric ether water 
chloride 
H37Rv red red red red red 
H37Ra white white white white white 
Cells killed by various chemical agents apparently react much the 
same as live cells. 
Effect of Treatment of Aqueous Suspensions of 
H37Rv and H37Ra Cells with Heat 
Three weeks old H3'7Rva nd H37Ra cells from Loewenstein-
Jensen cultures that had been pretreated with two 50% methanol 
washings were used. 
One clump of H37Rv cells was placed in each of a series 
of tubes containing 5 cc of distilled water. One clump of H37Ra 
cells was likewise placed in each of another series of five tubes. 
One tube each from the two series of tubes were then placed in a 
beaker of boiling water for different lengths of time. After each 
tube was taken out, after its designated time, it was cooled 
immedia tel:v in a beaker of ice water. The water in each tube was 
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decanted and five cc of the buffer and 1 cc of the neutral red was 
then pipetted into each tube. Readings were made after 10, 30, 
60, and 120 minutes. As controls H37Rv and H37Ra cells were plac-
ed in tubes with 5 cc of water for identical intervals of time but 
standing at room temperature instead of in boiling water. 
Results: 
Length of Reaction at following time intervals 
heat 
Cells Treatment 10 mins 30 mins 1 hour 2 hours 
H37Rv 5 mins lavender red red red 
15 mins lavender lavender red red 
30 mins lavender lavender lavender lavender 
yellow-
1 hour lavender lavender yellow yellow 
2 hours lavender yellow yellow yellow 
H37Ra 5 mins white white white white 
15 mins white white white white 
30 mins white white white white 
1 hour white white white white 
2 hours white white white white 
Controls 
H37Rv 5 mins pinkish pinkish pinkish red 
15 mins pinkish pinkish red red 
30 mins pink pink pink red 
1 hour pink pink pink red 
2 hours pink pink red red 
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Length of Reaction at following time intervals 
heat 
Cells Treatment 10 mins 30 mine 1 hour 2 hours 
H37Ra 5 mins white white white white 
15 mine white white white white 
30 mins white white white white 
1 hour white white white white 
2 hours J2lnkish pinkish white white 
Immersion in boiling water for more than 15 minutes 
causes a change in the H37Rv cells with resulting failUre to give 
the typical neutral red reaction. The H37Ra cells react neutral 
red negative like the controls. 
Effect ~ Treatment of "clumps" ~ H37Rv 
and H37Ra Cells .!!!1!! ~ Prior !2. ~ Neutral ~ ~ 
The procedure followed in this experiment is similar to 
the previous experiment except that here the cells are placed in 
dry tubes with no water added. 
Results: 
Length Reaction after following time 
of heat 
Cells Treatment 10 mins 30 mins 1 hour ,2 hours 
H37Rv 5 mins lavender lavender red red 
15 mins lavender lavender red red 
30 mins lavender pink red red 
60 mins pinkish pink red red 
120 mins lavender lavender red red 
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Length of Reaction after following time 
heat 
Cells Treatment 1.0 mins 30 mins I hour ~ hours 
H37Ra 5 mins pinkish pink white white 
15 mins pinkish pink white white 
30 mins pinkish pink white white 
60 mins pinkish white white white 
120 mins pinkish ~ink white white 
USing the same heat treatment for the same length of 
time the results obtained with the modified neutral red test in-
stead of the standard neutral red test were essentially the same 
as above except that at no tiem did the H37Ra cells show any 
pinkish or pink color. 
Heating of clumps of tUbercle bacilli without addition 
of water apparently does not modify their reactions to the neutral 
red test, wether standard or modified. 
Effect ~ Treating H37Rv and H37Ra Cells ~ 
HCI and NaOH Prior to the Neutral Red Test 
a) One loopful of 50% methanol prewashed H37Rv cells 
from 3 weeks old Loewenstein-Jensen slants was suspended in each 
of two tubes containing 5 cc of O.OIN NaOH. Similarly, one loop-
ful of 50% methanol prewashed H37Ra cells from 3 weeks old Loewen-
stein-Jensen slants was suspended in each of two tubes containing 
5 cc of O.olN HaOH. One of the H37Rv and one of the H37Ra tubes 
were placed in a boiling water bath for 15 mins. The other H37Rv 
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and H37Ra tubes were allowed to stand at room temperature for 15 
mins. These pretreated cells were then subjected to the neutral 
red test after which dye absorption was tested by acidification 
of the cells with 3 cc of O.IN Hel. 
b) The same procedure as in a) was followed except here 
the cells were treated with O.lN Hel for 15 minutes at room tem-
peratures and at boiling water bath temperature. 
As water controls one loopful of H37Rv and H37Ra was 
placed respectively in tow tubes containing 5 cc of distilled 
water and put into the boiling water bath for 15 minutes. A dup-
licate set of H37Rv and H37Ra cells in distilled water was allowed 
to stand at room temperature for 15 minutes. After the water was 
discarded the neutral red test was performed on the cells and 
absorption of dye was checked for by acidification with Hel. 
Results: 
Neutral 
Cells Pretreatment Red Teart Dye Absorption 
H37Rv O.OlN NaOH in boiling negative positive 
water bath for 15 mins 
H37Ra negative positive 
H37Rv O.OlN NaOH at room positive positive 
temp. for 15 mins 
H37Ra negative positive 
H37Rv O.OlN HCl in boiling negative positive 
water bath for 15 mins 
H37Ra negative positive 
H37Rv O.OlN Hel at room positive positive 
temp. for 15 mins 
H37Ra negative positive 
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Neutral 
Cells Pretreatment Red Test Dye Absorption 
H37Rv water control positive positive 
boiling water bath 
H37Ra negative posit ive 
H37Rv water control positive positive 
room temperature 
H37Ra negative positive 
Dilute acid and alkali at room temperature has no de-
tectable effect. At temperatures of 1000C for 15 minutes the 
H37Rv cells no longer react neutral red positive. Boiling water 
alone brings about this change but more slowly as brought out in 
a previous experiment. 
Effect of Treating H37Rv ~ H37Ra Cells !1!h 
Proteolytic Enzymes Prior to ~ Neutral ~ !!!1 
The enzymes were dissolved in distilled water and ad-
justed to the optimum pH with NaOH or HC1. The Bechman pH meter 
was used to check the pH's. Using 3 weeks old cells from Loewen-
stein-Jensen slants, prewashed twice with 50% mehtano1, several 
100pfu1s of respective cells were suspended separately into tubes 
containing 5 cc of the respective enzymes for 2 hours at 37°C. 
After this treatment the enzymes solutions were dlscarded and the 
cells rinsed twice with distilled water. The neutral red test was 
then performed on these cells. 
The enzyme solutions were adjusted to the following pH 
values: pepsin 1.2, trypsin 7.8, and papain 7.0. 
Results: 
Ensyme 
Pretreatment 
Papain 1% 
pH 7.0 
controls 
water 
pH 7.0 
Pepsin 12f 
pH 1.2 
controls 
pH 1.2 water 
Trypsin 1% 
pH 7.8 
controls 
water 
pH 7.8 
Cells 
H37Rv 
H37Ra 
H37Rv 
H37Ra 
H37Rv 
H37Ra 
H37Rv 
H37Ra 
H37Rv 
H37Ra 
H37Rv-
H37Ra 
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Neutral red 
Reaction after 1 hour 
pink 
white 
pink 
white 
red 
pink and white flecks 
red 
pink and white flecks 
pink red 
white 
pink red 
white 
Treatment with the 3 proteolytic enzymes for two hours 
at 370 C has no significant effect on the results of the neutral 
red test. It can be seen that treatment with pepsin seems to give 
the H37Ra cells a slightly positive reaction but this was not due 
to the pepsin itself but due to the pretreatment with a pH of 1.2 
aqueous solution as the pH control showed the H37Ra with a slight 
~oslllve readian also 
47 
Effect £r Formaldehyde ~ ~ Neutral ~ ~ 
a) Two clumps of H37Rv and H37Ra cells from 3 weeks old 
Loewenstein-Jensen slants were prewashed with 50% methanol. One 
clump each of H37Rv and H37Ra were treated with 5 cc of 10% com-
mercial formaldehyde* for two hours and one clump each of H37Rv 
and H37Ra was treated with 5 cc of 40% commercial formaldehyde for 
two hours. Formaldehyde from both sets were then discarded and 
the cells rinsed twice with distilled water before subjecting the 
to the buffer and the neutral red. A control was established by 
substituting the formaldehyde treatment with two hours water trea 
mente 
b) Here the formaldehyde was incorporated into the neu-
tral red-buffer cell system itself. This was done by making up a 
double strength of the buffer and then diluting with an equal 
volume of commercial formaldehyde in one case and in another case 
and in another case with 50% commercial formaldehyde. One set of 
5Q% methanol prewashed H37Rv and H37Ra cells was then subjected to 
5 cc of the 50% formaldehyde-5%NaCl-l% barbiturate buffer and 1 cc 
of 0.01% neutral red for one hour. Another set of 50% methanol 
prewashed H37Rv and H37Ra cells was subjected to 5 cc of the 25% 
formaldehyde-5%NaCl-l% barbiturate buffer and 1 cc of the 0.01% 
neutral red for one hour. 
In both cases, whether the cells were pretreated with 
the formaldehyde or the formaldeHyde incorporated into the buffer-
neutral red cell system there was no detectable effect on the 
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H37Rv and H37Ra cells which gave their proper neutral red reaction. 
* Commercial formaldehyde - 37% formaldehyde solutions 
Extraction of the Dye ~ Neutral ~ Stained Cells 
a) Three weeks old cultures of H37Rv and H37Ra in Dubos 
medium were used. After the cells were spun down and the media 
decanted the neutral red test was performed on the H37Rv and H37Ra 
cells contained in 5 duplicate sets of tubes. After one hour, whe 
the H37Rv cells have shown its characteristic red color, the super 
natant of all 5 duplicate sets of H37Rv and H37Ra were discarded 
and one set of each of the 5 sets were treated with a specific con 
centration of methanol in 5 cc amounts. The H37Ra cells were firs 
acidified with O.lN HCl to make the dye on the cells visible. Fiv 
different concentrations of methanol ranging from 30% to 95% were 
used. Disappearance of color was checked after 15 minutes, 1 hour 
and after 24 hours. After the color had totally disappeared from 
the cells the supernatant alcohol was decanted into clean tubes an 
3 cc of O.lN HCl added. The cells remaining in the tubes were sub-
jected to a second neutral red test. This last step was performed 
only on cells subjected to the 70 and 95% methanol extraction. The 
cells that had been subjected to other concentra.tions of menhanol 
(30, 50, 60%) were subjected to acid treatment after the superna-
ant alcohol was decanted off. 
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~esults: 
~37Rv cells 
Tube 1 2 3 4 5 
Neutral red 
reaction red red red red red 
alcohol 
extraction 30% 50~ 60% 70% 95% 
15 minsutes pink-red pinkish pinkish pinkish white 
1 hour pink-red pinkish pinkfish pinkish white 
24 hours pink white white white white 
acidifics.tion of 
decanted alcohol red red red red red 
cells acidified white white white 
neutral red test 
rej)eated red red 
[37Ra cells 
Tube 1 2 3 4 5 
neutral red 
reaction white white white white white 
acidification 
with O.lN Hel red red red red red 
alcohol 
extraction 30% 50% 60% 70'% 95% 
15 minutes pink-red pinkish pinkish pinkish white 
1 hour pink-red pinkish pinkish pinkish white 
24 hours pink white white white white 
acidification 
of decanted 
alcohol red red red red red 
cells acidified white white white 
[.rube 
neutral red 
test repeated 
1 2 3 
50 
4 5 
white white 
b) Using the same procedure as in part a) the extracting 
power of ehtanol, butyl aloohol, isopropyl alcohol, chloroform, 
ether, carbon tetrachloride and acetone was tested. As in part a) 
~he H37Ra cells were treated with a weak acid solution to give them 
a red color before testing for extraction of the dye. In all cases 
~isappearance of color was checked after an hour and in all cases 
~he cells were found to be colorless. Extraction of the dye was 
checked by adding one cc of O.OlN Hel to the solvents after they 
~ere poured off into separate clean tubes. A second neutral red 
~est performed on the cells that had been treated with the solvents 
~howed in all cases a positive test for the H37Rv cells and a nega-
~ive test for the H37Ra cells. 
The neutral red absorbed by the H37Rv and H37Ra cells can 
~e extracted with methanol. The higher the concentration of meth-
~nol used the faster the extraction of the dye. There is no dif-
~erential rate of extraction of the dye in the H37Rv cells and 
ff37Ra cells. Other agents can also be used to extract the dye. 
Apparently extraction of the dye does not hinder the 
~ells from giving a seco~d neutral red test with equally good dif-
~erential color reaction. 
Differential Decolorization ~ NaOR 
~ Neutral Red Stained H37Rv, H37Ra Cells 
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a) After the neutral red test was performed on R37Rv 
and H37Ra cells the supernatant solution was: discarded and the 
cells rinsed twice with distilled water. Five cc of O.lN acetic 
acid was added to both and in a minute or so the H37Ra cells turne 
red. Thus at this point both the H37Rv and H37Ra cells were red. 
The acid was poured off and 5 cc of O.lN NaOH was added to the 
cells. The H37Ra cells were decolori~ed within one minute whereas 
the H37Rv cells were still red after one hour. 
b} Several clumps each of H37Rv and H37Ra growth .from 
Loewenstein-Jensen slants were suspended for one hour in separate 
tubes containing 5 cc of 0.01% neutral red solution. The cells 
were then subjected to the decolorization process with 5 cc of 0.1 
NaOH. The H37Ra cells were decolorized in 2 minutes whereas the 
H37Rv cells were still red after one hour. At two hours the H37Rv 
cells were pink and at 5 hours they were orange. 
c} Here the 50% methanol prewashed H37Rv and H37Ra cells 
were suspended in the buffer-neutral red mixture for 10 minutes 
instead of one hour as in part a). The cells were subjected first 
to the acid and then the alkali treatment. The H37Ra cells were 
colorless after 1 minute and the H37Rv cells were decolorized in 
15 minutes. 
d} Here the H37Rv and H37Ra cells were subjected to one 
our treats.mt with an 0.01% neutral red solution and the effect 
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determined of decolorizing with 5 cc of buffers ranging in pH from 
7 to 10. 
" 
buffer pHi~ cells 2 hours 24 hours 72 hours 
7.0 H37Rv red red red 
H37Ra red red red 
7.4 H37Rv red red red 
H37Ra red red red 
8.2 H37Rv red red red 
H37Ra red red red 
8.6 H37Rv red red red 
H37Ra red pink pink 
9.0 H37Rv red red red 
H37Ra pink yellow yellow 
9.4 H37Rv red red red ... yellow 
H37Ra pinkish yellow yellow 
9.8 H37Rv red red+yellow red+yellow 
H37Ra yellow yellow yellow 
10.0 H37Rv red red+yellow red+yellow 
H37Ra yellow yellow yellow 
* Buffers prepared according to Clark and Lubs, Practical Physio-
logical Chemistry by Bergeim. pH checked with Beckman pH meter. 
e) Here the H37Rv and H37Ra cells were subjected to one 
hour treatment with an 0.01% neutral red solution as in part d) 
but here the efPect of extraction with 5 cc of different concentra-
tions of methanol ranging from 10 to 90% were tested. 
"h Methanol cells 1 hour 16 hours 48 hours 
10 H37Rv red reddish reddish 
H37Ra red reddish reddish 
~O H37Rv red reddish reddish 
H37Ra red reddish reddish 
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% Methanol cells 1 hour 16 hours 48 hours 
50 H3'7Rv red reddish reddish 
H57Ra red reddish reddish 
40 H37Rv red reddish reddish 
H37Ra red reddish reddish 
50 H37Rv red pink lavender 
H37Ra red pink lavender 
60 H37Rv red pink lavender 
H3'7Ra red pink lavender 
70 H37Rv pinkish pinkish lavender 
H37Ra yellowish yellowish white 
80 H37Rv yellowish white white 
H37Ra white white white 
90 H37Rv white white white 
H37Ra white white white 
Whether the cells had undergone the neutral red test or 
treated with a 0.01% neutral red for one hour there is a differen-
tial decol~ization with NaOH and buffers ranging from pH 9 - pH 10 
between the H37Rv and H37Ra cells. As can be expected the shorter 
the time of exposure of the cells to the dye, the faster is the 
decolorization with alkali but differential decolorization between 
the H37Rv and H37Ra cells remain. There is no evidence of differ-
ential extractibility of the dye between the H37Rv and H37Ra cells. 
Extraction of Neutral Red Factor 
Thirty petri plates each containing 15 ml of Loewensteim-
Jensen medium and a cellophane sheet covering the entire surface of 
~he media were seeded with H37Rv cells and incubated at 370 C. Af~ 
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4 weeks the plates were harvested by removing the cellophane sheets 
with the bacteria and washing off the growth fram the cellophane by 
immersing in a beaker containing 50% methanol. After an hour the 
methanol was decanted and replaced with fresh 50% methanol for an-
other hour. The supernatant methanol was then pou~'ed off and the 
~acteria dried in a vacuum dessicator. The dried cells (2.33 grams 
were then extracted with ether (anesthetic grade) with a soxhlet 
apparatus for 24 hours. The cells were then tested and found to be 
neutral red negative but still acid fast positive. The ether was~ 
then distilled off at 400 C leaving residue which consisted of a 
brownish oily sUbstance along with a waxy colorless substance. A 
loopful of this mixture was transfered to a tube containing 5 cc of 
buffer and 1 cc of neutral red. In about 3 minutes it was red and 
became very intense red within an hour. 
A loopful of the ether extracted H37Rv cells, which were 
found previously to be neutral red negative, was immersed in this 
oily-waxlike mixture from the ether extraction and placed into the 
~uffer neutral red solution. They now gave a positive neutral red 
test. In the same manner H37Ra cells were coated with the extract 
from the H37Rv cells and was found to give a neutral red positive 
reaction. 
Using the same procedure 5.7 grams (dried weight) of 
H37Ra cells was extracted with ether. A b~ownish oily residue was 
obtained after the ether extraction which did not give a positive 
neutral red test. 
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Several loopfuls of this lipid like substance extracted 
rom H37Rv cells were dissolved in several cc of ether. One cc of 
this solution was added to ether extracted H37Rv cells and the 
ether subsequently evaporated off by vacuum. The neutral red test 
was then performed on these H37Rv cells. They showed a positive 
neutral red test where previously they were negative. 
One loopful of the same ether solution was added to H37R 
cells (both untreated and extracted with ether) and the ether evap 
orated off. The neutral red test performed on them showed a posi-
tive reaction. 
A substance which gives a neutral red positive test can 
be extracted from H37Rv cells but not from H37Ra cells. 
{~ rr a rew cc's or the ether that was used to treat the H37Rv 
cells are evaporated orr in a test tube, a thin rilm or the ether 
extract will surround the sides or the test tube. Though this fi 
will be neutral red positive up to 15 minutes or so it will be 
decolorized or neutral red negative by an hour. 
Effect ~ Neutral ~ ~ Wben Cells Are 
Treated with Sonic Vibration 
Dried four weeks old 50% methanol prewashed H37Rv and 
H37Ra cells were used. One half gram of H37Rv cells were suspendd 
in 25 cc of distilled water and treated with the Raytheon Sonic 
Oscillator at 9000 cyles Isec for a period of one hour. 
in ens ion was then s un down at a roximatel 
The resul 
5000 RPM 
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with the Servall angle centrifuge. Smears made of the sedimented 
material showed them to be acid fast rods. These cells were found 
to be neutral red negative although dye was absorbed as determined 
with O.lN HCl. A control consisting of suspending one half gram 
of dried 50~ methanol pretreated H37Rv cells in 25 cc of distilled 
water for one hour and spun down at 5000 RPM was neutral red posi-
tive. The supernatant of the H37Rv cells was then spun down at 
16000 RPM for an hour with the Servall Vacuum Centrifuge and were 
found to consist of a mixture of amorphous non acid fast masses 
and non acid fast gramules of approximately one half micron in 
size. This material was also neutral red negative and again the 
dye was absorbed as determined by O.IN HCl. The supernatant was 
treated with 100 cc of ether for 24 hours. The ether was separatec 
off with a separatory funnel and evaporated off by vacuums. No 
neutral red positive substance was obtained. However, the acid 
fast cells that were spun down at 5000 RPM did produce a sUbstance 
that was neutral red psoitive. This substance was extracted out 
with ether. 
Following the same procedure H37Ra cells were treated 
with the sonic oscillator. They remained neutral red negative. 
b) The procedure here is similar to that in part a) 
except that the neutral red test was first performed on one half 
gram of dried 50% methanol pretreated H37Rv cells. After one hour 
when the cells showed a pink-red color they were treated with the 
sonic oscillator. A pink milky suspension resulted. This was spun 
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down at 5000 RPM for a half hour. The sediment was pink color as 
was the supernatant. One loopful of the sedimented cells was plao-
ad in 5 cc of O.lN NaOH and was decolorized immediately. One loop 
ful of the sedimented cells placed in 5 cc of the 1% barbiturate 
buffer was decolorized in about 3 minutes. 
The supernatant was spun down at 16000 RPM for,one hour 
with the Servall vacuum centrifuge. The sediment was also pink 
color which was also decolorized when placed in O.IN NaOH or the 
barbiturate buffer. 
It seems that sonic vibration treatment alters permea-
bility of the H37Rv cells such that they are more permeable to the 
buffer thus making them behave like the H37Ra cells under the neu-
tral red test. 
CHAPTER IV 
DETERMINATION OF THE OPTIMUM PROPORTION OF 
ALCOHOL-BUFFER-NEUTRAL RED IN A 
MODIFIED NEUTRAL RED TEST 
The possibility of eliminating the 50% methanol pretreat-
ment was investigated by incorporating the 50% methanol with the 
buffer and neutral red. It was arbitrarily decided to vary the 
volume of the 3 constituents by 1 part by volume, 3 parts by VOlWM 
and 5 parts by volume. With this setup of 3 constituents with 3 
variable parts by volume for each we end up with 27 combinations. 
The pH of these 27 mixtures were determined with a Beckman pH 
meter. The order of dispensing of the constituents was alcohol, 
cells, buffer and then the neutral red. Three weeks old cultures 
of H37Rv and H37Ra on Loewenstein-Jensen slants were used and the 
stock strengths of the 3 constituents were as in the standard neu-
tral red test, namely, 50% methanol, 5% sodium chloride-l% sodium 
barbiturate buffer and 0.01% neutral red. 
Results: 
A equals H37Ra 
V equals H37Rv 
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Parts by volume in ml of appearance 
of cells 
Methanol Buffer Neutral Red pH Cells after 1 hour 
1 1 1 9.4 A white 
V pink 
1 1 :3 9.4 A pink 
V red 
1 1 5 9.5 A pink 
V red 
1 1 9.6 A white 
V white 
1 9.5 A white 
V pink-red 
1 :3 5 9.5 A pinkish 
V :v-ed 
1 5 1 9.6 A white 
V white 
1 5 9.6 A white 
V pink 
1 5 5 9.5 A pink 
V red 
:3 1 1 9.5 A white 
V white 
:3 1 9.5 A pink 
V red 
:3 1 5 9.5 A pink 
V red 
1 9.6 A white 
V pinkish 
:3 :3 9.5 A white 
V red 
:3 :3 5 9.5 A pinkish 
V red 
60 
Parts by volume in ml of appearance 
of cells 
Methanol Buffer Neutral Red pH Cells after 1 hour 
3 5 1 9.6 A white 
V pinkish 
3 5 3 9.6 A white 
V pink-red 
3 5 5 9.6 A white 
V red 
5 1 1 9.5 A white 
V pinkish 
5 1 3 9.6 A pinkish 
V red 
5 1 5 9.6 A pinkish 
V red 
5 3 1 9.6 A white 
V pinkish 
5 3 9.6 A white 
V pink 
5 3 5 9.6 A white 
V pink 
5 5 1 9.6 A white 
V white 
5 5 9.6 A white 
V pinkish 
5 5 5 9.6 A white 
V pink 
There are 9 sets or tubes which showed distinct difrer-
entiation between the H37Rv and the H37Ra cells. Although there 
seems to be better difrerentiation with the ratio 1:3:3 and 3:5:5. 
For reasons of eKonomy and simplicity the 1:1:1 ratio was adopted 
for the modified neutral red test~ In so far a s d~t~rminl~ what 
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volume or each or the 3 constituents should be used this experi-
mental procedure is adequate but it does not tell us whether an 
errect shown by increasing the volume or one constituetn over the 
other is actually due to the increase or this one constituent or 
due to the dilution or decrease or Dhe concentration or the other 
tow constituents. The following experiment proposes to give us 
this information. 
Effect £r Varying ~ Concentrations £! Alcohol, Buffer 
and Neutral !!.!£ in ~ Modified Neutral ~ System 
It was proposed to vary the concentrations of the alcoho 
burfer and neutral red accordingly: 1) 50%NaCl-l% sodium barbitu-
rate, 0.01% neutral red; 2) three fifths the concentrations of tha 
in casel; 3) one rifth the concentrations of that in case 1. The 
unit 5 is used to denote the concentrations of the alcohol, buffer 
and neutral red as stipulated in case 1. The unit 3 is used to 
denote the concentrations as tipulated in case 2. The unit 1 is 
used to denote concentrations as stipulated in case 3. Final vol-
ume of material in all cases was constant. To illustrate, to make 
up a system of 50% methanol, 1% burrer, 0.01% neutral red one ml 
each of absolute methanol, 2% buffer and 0.02% neutral red were 
pipetted into a tube and then made up to a final volume of 6 cc bF 
addition or 3 ml of distilled water. To have a system where 3/5 
of this concentration was used one ml each of 3/10 concentration 0 
50% methanol, 1% buffer and 0 0 01% neutral red was pipetted into th 
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tube and made up to final volume of 6 ml by addition of 3 ml of 
distilled water. As in the previous experiment the various com-
binations of the 3 constituents were pipetted into the tubes in 
the order of alcohol, cells, buffer, and neutral red. 
Results: 
A means H37Ra 
V means H37Rv 
Unit Concentration of Constituents Appearance 
50% 5% NaCl 0.01% pH of of cells 
tubemethanol 1% Na-Barb. Neutral Red system cells after 1 hr. 
1 1 1 1 
2 1 1 
1 1 5 
4 1 1 
5 1 3 
6 1 3 5 
7 1 5 1 
8 1 5 
9 1 5 5 
10 3 1 
11 3 1 
9.5 
9.6 
9.5 
9.5 
9.5 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
A 
Vi 
pink 
pink 
pink 
red 
red 
red 
pinkish 
pinkish 
red 
red 
red 
red 
white 
pink 
doubtful 
red 
pinkish 
red 
white 
pink 
pink 
I'ed 
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Unit Concentration of Constituents Appearance 
50,& 5,& NaCl . 0.01% pH of of cells 
tube methanol 1% Na-Barb. Neutral Red system cells after 1 hr. 
12 3 1 5 9.5 A pink 
V red 
13 3 3 1 9.6 A white 
V pink-red 
14 3 9.5 A white 
V red 
15 3 3 5 9.6 A pink 
V red 
16 3 5 1 9.6 A white 
V pink 
17 :3 5 9.6 A white 
V red 
18 3 5 5 9.6 A white 
V red 
19 5 1 1 9.4 A white 
V pinkish 
~O 5 1 3 9.4 A pink 
V red 
~l 5 1 5 9.5 A pink 
V red 
~2 5 1 9.5 A white 
V pinkish 
23 5 :3 3 9.5 A white 
V pink 
24 5 :3 5 9.6 A white 
V pink 
25 5 5 1 9.6 A white 
V white 
26 5 5 :3 9.6 A white 
V pink 
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Unit Concentration of Constituents Appearance 
50~ 5% NaCl . O.Ol~ pH of of cells 
~ube methanol 1% Na-Barb. Neutral Red system cells after 1 hr. 
5 5 5 A 
V 
white 
pink 
It can be seen from the data that as the concentration of 
neutral red is increased the color reaction, whether i n the H37Rv 
of H37Ra, becomes more intense. It may also be observed that as 
the concentration of the buffer is increased the color reaction, 
whether of H37Rv or H37Ra, is less intense. Note also that as the 
alcohol concentration is increased the color reaction is decreased. 
In general, the ratio of equal concentrations of the 3 
constituents still shows good differentiation between the H37Rv ana 
H37Ra cells. The ratios of 3:5:5 also showed good differentiations 
Comparative Study of ~ Modified Neutral ~ Test 
and the Standard Neutral Red Test 
----- --
A total of 215 cultures of tubercle bacilli, or atypical 
forms of tubercle bacilli, freshly isolated from patients were used 
to compare the efficiency of the modified neutral red test as 
against the standard neutral red test. Source of the cultures were 
as follows: 
18 cultures from Mercy Hospital, Chicago 
9 cultures from Saint Agnes Hospital, Fond du Lac, 
Wisconsin 
39 cultures from Upiversity of Illinois Research Hospi~ 
tal, Chicago 
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149 cultures from Cook County Hospital Tuberculosis 
Ward, Chicago 
In the modified neutral red test one cc of 50% methanol 
was pipetted into a tube followed in order by a large clump of 
growth from a 3 to 4 weeks old Loewenstein-Jensen slant, 1 cc of 
the buffer solution and 1 cc of the neutral red solution. The 
standard neutral red test was performed as previously described. 
Culture 
Mercy Hos:eital 
24.5 avir. 
24.16 tb 
24.18 avir. 
24.19 H37Rv 
24.20 tb 
24.21 tb 
24.23 tb 
24.24 atyp. 
24.25 atyp. 
24.26 atyp. 
24.27 atyp. 
24.28 atyp. 
24.29 atyp. 
24.30 tb 
24.31 
24 32 tb 
Standard 
Growth Characteristics* N.R. test 
pinkish, waxy neg. 
pinkish yellow, fast 
grower neg. 
orange, fast grower neg. 
typical* pOSe 
dark yellow £E!~ 
typical but fast grower pos. 
yellowish, smooth neg. 
yellow smooth neg. 
yellOW, smooth neg. 
yellOW, smooth neg. 
yellowish, smooth neg. 
yellowish, smooth neg. 
yellow, smooth neg. 
yellOW, snooth neg. 
yellow, smooth neg. 
dark vellow nAD' 
Modified 
N.R. test 
neg. 
neg. 
neg. 
poa. 
neg. 
pOSe 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
nAD' 
culture 
24.34 
Standard 
Growth Characteristics* N.R. test 
typical pOse 
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Modified 
N.R. test 
pOSe 
* Growth Characteristics: A cream colored, crumb-like growth 
Which takes approximately 2 weeks to grow out is considered "typi-
cal". Any deviations from this are described accordingly. 
neg. - refers to white or amber colored cells 1 hour after the 
neutral red test. 
pOSe - refers to pink or red colored cells 1 hour after the neu-
tra1 red test. 
doubtful - refers to pinkish colored cells 1 hour after the neu-
tral red test. 
Culture Growth Characteristics 
Saint Asnes Hospital 
1 typical 
2 typical 
3 typical 
4 typical 
5 typical 
6 typical 
7 typical 
8 typical 
9 typical 
UniversitI of Illinois Research Hospital 
1106 tvoical 
Standard 
N.R. test 
pOSe 
pOSe 
pOSe 
pOSe 
pOSe 
pOSe 
pOSe 
pOSe 
pOSe 
nos 
Modified 
N.R. test 
pOSe 
pOSe 
pos. 
pOSe 
pOSe 
pOSe 
pos. 
pOSe 
pOSe 
nos 
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Standard Modified 
Culture Growth Characteristics N.R. test N.R. test 
1106a typical pos. pos. 
1157 typical ~. ll!a. 
1632 typical pos. pos. 
1882 typical pos. pos. 
1883 typical pos. pos. 
2075 typical pOSe pos. 
2532 typical neg. neg. 
2563 typical POSe pos. 
2563a typical pos. pos. 
27195 typical pos. pos. 
509 typical pos. pOSe 
2184 typical pos. pos. 
425 typical pos. pos. 
402 typical pos. pOSe 
742 typical pos. pos. 
20495 yellow, smooth neg. neg. 
572 typical pos. pos. 
425 typical pOse pos. 
2424 typioal pos. pOSe 
2282 typical pOSe pos. 
25595 soft, whi te, fast grower neg. neg. 
1663 typical pOSe pos. 
3965 white, smooth 
.E..2!. " neg. 
33605 curly, fast grower ne~. ne~ ___ 
68 
Standard Modified 
Culture Growth Characteristics N.R. test N.R. test 
1325 typical pos. pos. 
1389a typical pos. pos. 
1706 typical pos. pos. 
1389 typical pOSe pOSe 
1387b typical pOSe pOSe 
1389b typical pos. pOSe 
1387 typical pOSe pOSe 
454 typical pOSe pOS. 
1426 orange colored pOSe pOSe 
427 typical pOS. pOS. 
1798 typical pos. pOSe 
439 typical pOSe pOS. 
1602 typical pOSe pOSe 
1662 typical pOSe pOS. 
Cook Count! Hospital 
lc typical pOSe pOSe 
1d typical pOSe pos. 
Id' typical pOSe pOSe 
2a typical pos. pOSe 
3a' typical pos. pOSe 
3d typical pOSe POSe 
3d' typical pOSe pOS. 
4a typical pOSe pOSe 
4d typical pOS. pOSe 
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Standard Modified 
culture Growth Characteristics N.R. test N.R. test 
4d' typical pos. POSe 
5a typical pos. pos. 
5b typical pos. pOSe 
5c typical pOSe pOSe 
6a typical POS. pOS. 
6d typical pOSe pOSe 
7d typical pOSe pOSe 
9a typical pOS. pOSe 
9d typical pOS. pOSe 
lla typical pOSe POSe 
lld tJPieal pOSe pOSe 
l2a typical pOS. pOSe 
l3a typical pos. pOSe 
13d typical pOSe pOSe 
14a typical pOSe POSe 
16a typical pOSe pOSe 
19a typical pOSe pos. 
23d typical pos. POSe 
26a typical pOSe pOSe 
31a typical pOSe pOSe 
3ld typical pOS. POS. 
33a typical pOS. POS. 
33d typical pOS. POSe 
33d' tvoical nn~ nn!=( 
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Standard Modified 
Culture Growth Characteristics N.H. test N.H. test 
34a typical pOSe pOSe 
34d' typical poe. pOSe 
36a typical· poe. pos. 
36d typical pos. pOSe 
36d' typical pOSe pOSe 
47a typical pOSe pOSe 
48a typical pOSe pOSe 
48d typical pos. pOSe 
49a typical pOSe pOSe 
49a' typical pOSe pos. 
49d typical pos. pOSe 
49d' typical pOSe pOSe 
50a typical pos. pOSe 
50d' typical pOSe pOSe 
5ld typical pOSe pOSe 
52d typical pOSe pOSe 
52a typical POS. POS. 
53d typical pOSe pOSe 
53d' typical pOSe pOSe 
54d typical pOSe POSe 
54d typical pOS. POSe 
56d typical pOSe POS. 
57a typical pOSe POSe 
579.' typical POS. POSe 
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Standard Modified 
Culture Growth Characteristics N.H. test N.R. test 
57d typical pOSe pos. 
57d' typical pOS. POSe 
58d typical pos. pos. 
58d' typical pos. pOSe 
58d typical pOSe pos. 
58d' typical pOSe pos. 
59d typical pos. pos. 
59d' typical pos. pos. 
60a typical pos. pOSe 
60a' typical pOSe pOSe 
60a typical pos. pOSe 
60a' typical pOSe pOSe 
60d typical pOSe pOS. 
60d' typical pOSe pOSe 
61a' typical pOSe pOS. 
61d typical pOSe POS. 
61d' typical pos. pos. 
62d typical pOSe pOSe 
62d' typ ical pOS. pOSe 
62d typical pOSe pOSe 
62d' typical pOSe pOSe 
61a typical pOSe pOSe 
62a typical pOSe POSe 
64a tvoical DOS. oos 
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Standard Modified 
Cultures Growth Characteristics N.R. test N.H. test 
66a typical doubtful doubtful 
66d typical doubtful doubtful 
67a typical pos. pOSe 
67a t typical pos. pOSe 
68a typical pos. pOSe 
68d typical pOSe pOSe 
70d typical pOS. pOSe 
74a t typical pOSe pOSe 
74d typical pOSe pOSe 
75d typical pOSe pOSe 
75d t typical pOSe pOS. 
76a typical pOSe pOS. 
76a t typical pOSe pOSe 
76d typical pOSe POSe 
76d t typical pOSe pOSe 
78a typical pOSe pOS. 
78d t typical pOSe pOSe 
84d typical pOSe pos. 
85d typical pOSe pOSe 
85d t typical pOSe POSe 
B6a typical pOSe POSe 
86d typical pOSe POS. 
89d t typical pOSe POS. 
96d SMooth, fast grower neg. neK. 
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Standard Modified 
Cultures Growth Characteristics N.R. test N.R. test 
105a typical pOSe pOSe 
103a smooth, fast gorwer neg. neg. 
103d smooth, fast grower neg. neg. 
104d smooth, fast grower neg. neg. 
105d typical pos. pOSe 
104a smooth, fast grower neg. neg. 
106a typical pOSe pOSe 
106d typical pOSe POSe 
109a typical pOSe pOSe 
109d typical pOSe pos. 
110a typical pOSe pOSe 
110d typical pOSe pOSe 
110a typical pOSe pOSe 
llld typical ~. neg. 
l20e typical pos. pOSe 
l2la typical pOSe pOSe 
l21e typical pOSe pOS. 
l20a typical pOSe pOSe 
116a typical pos. POSe 
l27a typical pOS. POS. 
l33e typical pos. pOSe 
134e typical 20ubtful neg. 
l34e typical doubtful neg. 
134a typical ne;t.. neg. 
cultures 
134 e 
138e 
13ge 
143a 
143e 
143e 
146a 
146e 
147a 
147e 
149a 
155a 
155e 
155e 
161a 
161a 
162e 
162a 
Source and Number 
of Cultures 
Meroy Hospital 
18 Cultures 
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Growth Characteristios 
Standard Modified 
N.R. test H.R. test 
typical 
typioal 
typioal 
typioal 
typioal 
typioal 
typioal 
typioal 
typioal 
typioal 
typioal 
typical 
typical 
typioal 
typic al 
typioal 
typical 
typioal 
Summary 
Number of 
Cultures 
14 
3 
1 
doubtful neg. 
pOSe pOSe 
pOSe pOSe 
pOSe pOSe 
POSe POS. 
pOSe POSe 
pos. pOSe 
pOSe pOSe 
pOS. pos. 
pOS. POS. 
pOSe pOSe 
pOSe pOSe 
pOSe pOSe 
pOSe pOSe 
pos. pOSe 
pOSe POSe 
pOSe pos. 
pOSe pOSe 
Standard 
N.R. test 
Modified 
N.R. test 
neg~ 
pos ~ 
pos. 
neg. 
pOSe 
neg. 
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Source and Number Number of Standard Modified 
of Cultures Cultures N.R. test N.R. test 
University of Illinois 4 neg. neg. 
39 Cultures 33 pos~ pos. 
2 pOSe neg. 
Cook County Hospital 8 neg. neg. 
149 Cultures 135 pOSe pOSe 
1 pOSe neg. 
3 doubtful neg. 
2 doubtful doubtful 
As can be seen form the summary the modified and stand-
ard neutral red test failed to agree with 4 cultures. The culture 
from Mercy Hospital which failed to agree between the two test 
showed atypical growth characteristic being dark yellow in color. 
One of the two cultures in the University of Illinois group was 
also atypical in growth characteristics in that it was white and 
smooth. It is conceivable that such cultures where some deviation 
from the normal growth characteristics is present can also very 
well have a deviation in some other factor such as the factor res-
ponsible for t he neutral red test. 
In all 4 cases the standard neutral red test showed a 
positive reaction whereas the modified neutral red test a negative 
reaction which points to the possibility that the modified neutral 
red test may not be as sensitive as the standard method. It was 
also observed that, in general, the positive reaction by the 
standard method were more intense in color than the positive re-
actions by the modified neutral red test. This may be the reason 
for the 3 cultures in the Cook County group which gave doubtful 
76 
(pinkish) reactions by the standard neutral red test but negative 
reactions by the modified te~t. 
As a whole the agreement between the two methods was 
very good with only 2 typical cultures positive by the standard 
test and negative by the modified test. Typical growth may not 
always indicate virulence and the modified test may still be posi-
tive with all virulent tubercle bacilli. 
~ Order ~ Adding in the 3 Constituents of 
the Modified Neutral Red Test 
Six different sequences of adding the constituents of thE 
modified neutral red test to the tubes were studied. Two sets of 
six tubes were used. In one s et the cells were three weeks old 
Loewenstein-Jensen cultures of H37Rv and t he other set the cells 
were three weeks old Loewenstein-Jensen cultures of H37Ra. 
Results: 
Reaction 
Order Cells at 15 min 1 hour 
I 
alcohol H37Ra white white 
cells 
buffer 
neutral red H37Rv white pink 
II 
buffer H37Ra white white 
cells 
alcohol 
neutral red H37Rv pinkish ptnk 
III 
neutral red H37Ra pink white 
cells 
buffer 
alcohol H37Rv red red 
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Reaction 
Order Cells at 15 min 1 hour 
IV 
buffer H37Ra white white 
cells 
neutral red 
alcohol H37Rv pink pink 
V 
alcohol H37Ra white white 
cells 
neutral red 
buffer H37Rv pink pink 
VI 
neutral red H37Ra white white 
cells 
alcohol 
buffer H37Rv pink pink-red 
Sequence III and sequence VI seems to give the most 
definite color differnetiation between the H37Rv and H37Ra cells 
but with sequence III it is possible that the pink color of the 
H37Ra cells could be prolonged even up to the 1 hour thus giving 
the H37Ra cells a false positive reaction. Because of this it 
seems that of all the six orders studied the sixth sequence of 
neutral red, cells, alcohol and then buffer is the best. 
Performing ~ Modified Neutral ~ Test with! 
Mixture of 2 or 3 of the Chemical Solutions 
Odder of Constituents 
3 cc of 1:1:1 mixture of 
methanol-buffer-neutral red. 
Cells 
of the Test 
Cells 
H37Ra 
H37Rv 
Neutral red reaction at 
15 mins. 60 mins. 
white white 
pinkish pinkish 
Order of Constituents Cells 
1 cc of methanol 
cells H37Ra 
2 cc of 1:1 mixture of H37Rv 
buffer-neutral red 
2 cc methanol-buffer 
mixture (1:) H37Ra 
cells H37Rv 
1 cc neutral red 
2 cc of 1:1 mixture of 
buffer-neutral red H37Ra 
cells H37Rv 
1 cc methanol 
2 cc methanol-neutral red 
mixture (1:1) H37Ra 
cells H37Rv 
1 cc buffer 
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Neutral red reaction at 
15 mias. 60 mins 
white 
pinkish 
white 
pink 
pinkish 
pinkish 
white 
white 
white 
pinkish 
white 
pink 
white 
pinkish 
mite 
pinkish 
Except for the mixing of the methanol and buffer into 
one solution, less clear cut differentiation of the viruletn and 
non-virulent cells is obtained by mixing the ingredients before 
addition of the cells. 
Elimination of the Need ~Or Methanol in the Modified 
Neutral ~ Test ~ Use of ~ Proper Buffer 
Four different variations weT'e used In the first 
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experiment the modified neutral red test with 1 cc of water in 
place of the alcohol and with the pH of the buffer varying from pH 
1.2 to 10.0 was performed on cells that were not pretreated in any 
way. 
Tn the se.ond experiment the cells were pretreated with 
two distilled water washes (1 hour each wash) then the modified 
neutral red test with 1 cc of water in place of the alcohol was 
performed with the pH of the buffer varying from pH ~ to 10. 
In the third experiment the cells were pretreated with 
two 50% methanol washes then the modified neutral red test with 1 
cc water in place of the alcohol was performed with the pH of the 
, , 
buffer varying from 1.2 to 10. 
In the fourth experiment the cells were pretreated with 
two acetone washes (1 hour each wash) then the modified neutral 
sed test with 1 cc of distilled water in place of the alcohol was 
performed w.1th the pH of the buffer varying from 1.2 to 10.0. 
~he control consisted of the modified neutral red test 
with the alcohol and b~ffers from pH 1.2 to 10.0 The different pH 
buffer solutions were prepared according to Clark and tuba (Hawk 
and Bergeim, Practical Physiological Chemistry, page 24) 
Results: 
No Pretreatment 
pH of buffer 
1 cc alc 
1 cc buffer 
1 cc neutral red 
~v H37Ra 
1.2 lavender-white red 
1 cc water 
1 co buffer 
1 cc neutral red 
It37Rv H37Ra 
pinkish red 
pH of' buf'f'er 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
7.4 
7.8 
8.2 
8.6 
9.0 
9.8 
10.0 
Results: 
1 ee ale 
1 ee buf'f'er 
1 ee neutral red 
H37Rv H37Ra 
lavender-white red 
pink red 
pink red 
pink red 
red red 
red red 
red red 
red red 
red red 
red pink 
red 
red 
red 
red 
pinkish 
white 
white 
white 
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1 ee water 
1 ee buf'f'er 
1 ee neutral red 
!f37Rv H37Ra 
pinkish 
pinkish 
pink 
pink 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
pink 
pink 
pinkish 
white 
Pretreated by 2 water washes then 1 ee water, 1 ee buf'f'er, a.nd 
1 ee neutral red. 
pH of' buf'f'er H37Rv H37Ra 
1.2 lavender-white red 
2.0 1avender-whi te red 
3.0 1avender-whi te red 
4.0 lavender-white red 
5.0 lavender-white red 
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pH of buffer H37Rv H37Ra 
6.0 pink-red red 
7.0 red red 
7.4 red red 
7.8 red red 
8.2 red red 
8.6 red red 
9.0 red pink 
9.4 red pink 
9.8 red pinkish 
10.0 red white 
Results: 
Pretreated with two 50~ methanol washes (1 hour each wash) then 1 
cc water, 1 cc respective buffers, and 1 cc neutral red 
pH of buffer H37Rv H37Ra 
1.2 lavender-white red 
2.0 la vender-whi te red 
3.0 la vender-whi te red 
4.0 lavender-white red 
5.0 lavender-wllite red 
6.0 red red 
7.0 red red 
7.4 red red 
7.8 red red 
8.2 red red 
8.6 red red 
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pH of buffer H37Rv H37Ra 
9.0 red pink 
9.4 red pink 
9.8 red pink 
10 red pinkish 
In general the red here is darker than with the two 
previous sets with no wash or with the water wash. 
Results: 
Pretreated with acetone wash twice (1 hour each wash 
water, 1 cc of respective buffer and 1 cc of neutral 
ElLof buffer H37Rv 
1.2 lavender 
2.0 lavender 
3.0 lavender 
4.0 lavender 
5.0 red 
6.0 red 
7.0 red 
7.4 red 
7.8 red 
8.2 red 
8.6 red 
9.0 red 
9.4 red 
9.8 red 
10 pink 
then 1 cc 
red. 
H37Ra 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
red 
pink 
white 
white 
white 
of 
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These experiment show that by increasing the pH of the 
buffer used in the modified neutral red test eliminating the need 
for the use of any alcohol in the test. This was true Whether the 
cells were not pretrea.ted or pretreated with water washes or ace-
tone washes. 
In general, the intensity of the red color in c ells pre-
treated with acetone and subsequently undergoing the modified neu-
tral red test seemed to be less than that seen in cells pretreated 
with methanol or water. However this does not constitute clear 
cut evidence that acetone by virtue of tying-up Coo-groups decreas 
es the intensity of the neutral red color reaction of H37Rv cells. 
It should be noted that there seems to be more dye 
absorbed by H37Ra cells than H37Rv cells at the acid pH's of 1.2 t 
approximately pH 5.0. 
Modified Neutral Red Test Performed ~ Ltquid Cultures 
Duplicate sets of 27 liquid cultures (Dubos medium) ob-
tained originally from Cook County tuberculosis wards were used. 
With one set the modified neutral red test was performed. All 27 
cultures when done by the standard mehtod gave a positive neutral 
red reaction. All 27 cultures When done by the modified neutral 
red test gave a negative reaction. '~en the supernatant solution 
from this latter set was poured off and the cells acidified there 
was but a slight lavender color which irldicates that the absorpti 
of dye was hindered. The modified test apparently cannot be used 
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with cultures in Dubos medium. 
Performing ~ Neutral ~ ~ ~ H37Rv ~ H37Ra 
Cells Crown on Loewenstein-Jensen Culture Slants 
Three cc each of 50% methanol, barbiturate buffer and 
neutral red were pipetted on to a three weeks old H37Rv and a thre 
weeks old H37Ra culture slant and allowed to stand at roam tempera 
ture for one hour. Both the H37Rv and the H37Ra cells on the cul-
ture slants showed a negative reaction. Several clumps of H37Rv 
.and H37Ra were taken out of their respective culture slants and 
put into separate tuves, rinsed twice with distilled water and the 
acidified with 2 cc of 0.1 N HCl. No red color resulted. Absorp-
tion of dye seems to be interfered with When the modified neutral 
red test is done on the organisms on the culture slants. 
Several clumps of growth were taken from the H37Rv and 
H37Ra slants that had previously had the modified neutral red test 
done on them and put into separate clean tubes and a second modi-
fied neutral red test performed. Result showed that the H37Ra ga 
a negative and the H37Rv a slight pinkish reaction. This was not 
unexpected as it was observed that when the modified neutral red 
test was done cells that were taken from slants Which had a lot of 
water of condensation, and consequently wetting the growth on the 
slant, the neutral red test (modified) would not be satisfactory h 
that the H37Rv cells gave a poor positive to negative reaction. 
Several clumps of H37Rv and H37Ra growth were taken from 
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the culture slants that had previously had the modified neutral 
red test done on them and the standard neutral red test was per-
formed. The H37Rv cells gave a positive reaction Whereas the H37R 
cells a negative reaction. The 50% methanol wash apparently washe 
away the inhibitor trom the media. 
The standard neutral red test was done directly on the 
H37Rv and H37Ra growth remaining' on the slants that had previously 
undergone the modified neutral red test. Both the H37Rv and H37Ra 
cells gave a negative reaction. 
It seems th-.:lt the neutral red test whether the standard 
or the modified can not be performed on the cells as they are in 
the culture slants because of interference with absorption of the 
dye by the organisms. 
Effect of Sodium Desoxycholate ~ the 
Neutral Red Test 
Three cultures tbt were neutral red negative (33605, 
24.18 avir, and H37Ra) and two cultures that were neutral red posi 
tive (H37Rv and FDL 5) were used. It was decided to incorporate 
the bile salt into the mddified neutral red test in the final con-
centrations of 2~, 1%, 0.5% and 0.25%. In every case the desoxy-
cholate salt was made up to the required concantration by dissolv~ 
lng it in the barbiturate buffer. One reading was made after one 
hour and another reading the next morning. The Beckman pH meter 
was used to check Whether incorporation of the desoxycholate made 
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any appreciable change in the buffer, alcohol, neutral red system. 
No pH change was noted. 
Another aspect of this experiment involved pretreating 
the organisms with the various concentrations of sodium desoxy-
cholate for two hours and then removing the bile salt solution 
wi th two rinses of distilled water. The modified neut.ral red test 
was then performed on these pretreated cells. The pH of the aque-
ous sodium desoxycholate solution was adjusted to pH 7. 
Results: 
culture 
33605 
24.18 
H37Ra 
Final Concentration of Sodium Desoxycholate 
Time of 
0.25% 0.5% 1% 2% 0% Reading 
white white white white white 1 hour 
white white white White White overnight 
white white white white white 1 hour 
white white white white white overnight 
white white white white white 1 hour 
White white white white white overnight 
H37Rv and FD15 white white white white pink 1 hour 
white white white white red overnight 
Two hour pretreatment with sodium desoxycholate 
pH 7 
0.5~ 1% 2% 0% water(control) Culture 
33605 White White white white White 
white white white white white 
24.18 Avir white white white white White 
white white White white white 
H37Ra 
H37Rv 
white white White white white 
white white white white white 
pink 
red 
pink 
red 
pink 
red 
pink 
Bed 
pink 
red 
time of 
reading 
1 hour 
overnight 
1 hour 
overnight 
1 hour 
overnight 
1 hour 
overnight 
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Two hour pretreatment ~ili sodium desoxycholate 
pH 7 time of 
Culture 0.5% 1% 2% O~ water (control~ readi~ % 
~L5 pink pink pink pink pink 1 hour 
red red red red red overnight 
Prewashing the cells with sodium desoxycholate solution 
has no effect. When sodium desoxycholate is incorporated in the 
modified system the otherwise positive cells react negative. 
In the desoxycholate agar msed in enteric work the or-
ganisms Which produce acid from lactose precipitate the bile salt 
and show up as red opaque colonies. It was thought that if the 
H37Rv cells are more acid than the H37Ra cells the H37Rv cells 
should then precipitate the bile salt if it is incorporated into 
the neutral red test and in effect produce a more easily detectabl. 
red precipitate in the H37Rv cells. However, the results show 
that incorporation of sodium desoxycholate inhibited the virulent 
cells from showing any redness. However, when one pretreats the 
same cultures with sodium desoxycholate for 2 hours the virulent 
cultures eeact normally. It was thought, presaming there is some 
factor in the virulent cells that five them the property of giving 
a neutral red reaction, that the sodium deaoxycholate had washed 
off this factor but the fact that pretreating the virulent culturel 
with sodium desoxycholate does not affect the neutral red reaction 
disproves this contention. Two possibilities remained: a) The 
bile salt has to be im conjunction with alcohol and the buffer to 
manifest its dissolving action. b) The bile salt does not dissolVE 
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off the pres~ed neutral red factor but merely inhibits the ab-
sorption of the neutral red dye by the organisms. To test possi-
bility (a) the supernatnat mixture from the tubes with the H37Rv 
cells that had undergone the modified neutral red test Which had 
sodium desoxycholate incorporated was discarded. The sediment 
cells were rinsed wi th distilled water and the modified neutral 
red test with no sodi~~ desoxycholate was performed on these cells 
All 5 tubes of the H37Rv showed a positive neutral red test. Thus 
possibility (a) was discounted. Possibility (b) was tested by 
discarding the supernatant mixture from the tuges with the FDL 5 
cells that had undergone the modified sodium desoxycholate neutral 
red test. rinsing with distilled water and then adding 2 cc of 
0.01 N HCI to the organisms. All of the clumps of organisms in th 
5 tubes showed no red color so it was concluded that hypothesis 
(b) is valid. This inhibition of dye absorption was shown to be 
true with the avirulent cells also. This effect of sodium desoxy-
cholate on dye absorption was shown to be true also with the stand 
ard neutral red test. 
Surface Active Properties of Sodium Desoxycholate 
Into a test tube was placed 1 cc of a 6% sodium desoxy-
cholate-5%NaCl-l% sodium barbiturate solution, 1 co of 0.1% neutra 
red solution and 1 co of ether. Into a seeond test tube was place 
1 cc of 5% NaCI-l% sodium barbiturate solution, 1 cc of ether. In 
the first tube the dye took approximately 5 hours to penetrate the 
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ether layer. In the second tube where there was so sodium desoxy-
cholate the dye penetrated into the ether layer within 2 minutes. 
Because of its surface active property, having both a water solubl~ 
and a fat soluble portion in its molecule, the sodium desoxycholatE 
collects at the interface between the ether layer and the aqueous 
phase. This physical fact alone or the possibility of the neutral 
red being combined chemically with the sodium desoxycholate, 
hinders the neutral red from entering the ether phase. Neutral 
red is known to combine wi.th sodium desoxychola tee 
If we assume that the H37Rv or virulent cells have a 
neutral red factor which is same kind of an acidic constituent we 
can show in purely diagramatic form essentially what happens in thE 
neutral red test. To do this 5 cc of 5%NaCl-l% sodium barbiturate 
and 1 cc of 0.01% neutral red was put into a tube and overlaid 
with 5 cc of ether. To a second tube 5 cc of 5%NaCl-l% sodium 
barbiturate-6% sodi~~ desoxycholate, 1 cc of 0.01% neutral red was 
put into a tube and overlaid with 5 cc of ether. Into both tubes 
a strip of filter paper suspended by a string one third of its 
length into the ether layer. Both filter papers having been acidi-
fied with a few drops of acetic acid at the tip which is not sub-
merged in the ether layer. We find that in the first tube the dye 
will have traveled into the ether layer up into the filter paper 
and turning red as it reached the acid within half an hour. In thE 
second tube this does not happen even up to overnight. The filter 
paper in this setup represents the virulent tubercle bacilli, the 
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ether represents the fatty coating around the tubercle bacilli 
and the acetic acid represents the assumed neutral red factor. 
~ of Various Dyes at Different ~ in the 
Modified Neutral Red Test 
c --
In place of the lcc of 0.01% neutral red in the modified 
neutral red test, dyes with pH values not far from that of neutral 
red were used at pH'S ,slightly below and above their pH values. 
The results were read after one hour at room temperature and dye 
absorption was then determined by adding 3 cc of O.lN Hel or O.lN 
NaOH depending on whether the deeper color of the dye in question 
is on the acid or alkaline side of its pH value. H37Rv and H37Ra 
cells from 3 weeks old Loewenstein-Jensen slants were used. 
In addition to this, with brom thymol blue, and brom-
cresol purple, after the cells were treated with the respective 
dyes in buffer and alcohol for an hour they were subjected to 
various pH buffers to determine Whether any differential color 
would result indicating a differential internal pH between the 
H37Rv and H37Ra cells. 
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Use of Cresol ~ !.! Various ~ 
Procedure: 
clump of respective Rv, Ra 
1 cc of resyective buffer 
1 cc of 50% mebhano1 
1 cc of .01% cresol red 
Test Cells 
Cresol red PK 6.8 Rv 
yellow-red 
color ot dye 
indicator 
buffer - alcohol 
mixture 
Ra 
Rv 
Ra 
cells 
pH 6 pH 7 pH 8 pH 9 pH 10 
white white white white white 
white White white white white 
orange purple 
yellow orange red red red 
white white white white white 
faint white White white white 
Discarding test 
s uperna tant and 
suspending cells 
in H20 as wash yellowish 
Absorption test 
using :3 cc O.IN 
NaOH Rv 
Note: deeper 
color of indica- Ra 
tor is at alkaline 
pH 
white white mite white white 
faint whi te white white white 
pinkish 
Cresol red is not absorbed by H37Rv or H37Ra cells. 
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Use of COlor Phenol Red at Various nR's 
-- -- ~
Test 
Chlorophenol 
red 
PK 6 
yellow-red 
Color of dye 
buffer -
alcohol 
mixture 
Discarding 
test super-
natant and 
adding H20 
as a wasl'i 
Absorption 
test using 
:3 cc of IN 
NaOH (Note: 
deeper color 
of dye on alka-
line side of PK) 
Cells 
Rv 
Ra 
Rv 
Ra 
Rv 
Ra 
PH 4 
white 
white 
yellow 
yellowish 
white 
lavender 
white 
light 
purple 
pH 5 pH 6 pH 7 pH 8 
white white white white 
white white white white 
purple purple 
orange red red red 
white white white white 
white white white white 
white white white white 
white white white white 
At pH 4 chlor phenol red is absorbed to some degree by 
the H37Rv and H37Ra cells with apparently more dye absorbed by 
the latter. 
93 
Usin...s Phenol Red at Various ~ 
Procedure: 
Clump of Respective Rv and Ra cells 
1 cc of 50% methanol 
1 cc of buffer (respective) 
1 cc of phenol red 
Test Cells pH 5 pH 
Phenol red 
6 pH 7 pH 8 pH 9 pH 10 
PK 7.6 Rv white white white white white white 
yellow 
red Ra white white white white white white 
color of orange 
alc-buffer yellow yellow orange red red purple 
dye 
mixture 
Discarding 
test super- Rv white white white white white white 
natant and 
adding Hfio Ra white white white white white white as a was 
Absorption 
test using Rv white white white white white white 
IN NaOH 
Note: Deeper 
color of dye Ra white white white white white white 
is to alka-
line PA. 
Phenol red is not absorbed by H37Rv and H37Ra cells. 
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~ of ~ Cresol Purple at Various ~ 
Procedure: 
Clump of respective Rv, Ra cells 
lcc of respective pH buffer 
lcc of 50% methanol 
lcc of .01% brom cresol purple 
Cells pH 4 
Brom cresol' 
purple PK 6.3 Rv white 
yellow 
Ra white 
pH 5 pH 6 
white white 
white white !urPle 
Co or of dye- yellowish 
buffer-alc yellow green purple 
mixture 
Discarding 
test 'super- Rv yellow white white 
natant and 
snspending Ra greenish green greenish 
cells in H2O yellow 
as wash 
Dye absorption 
test ,;. by adding Rv blue light white 
3 cc .1N NaOH blue 
Note: Deeper 
color of indicator Ra blue dark light 
dye is at alkaline blue bluish 
PH. 
pH 7 pH 8 
white 1hhite 
'White white 
purple purple 
white white 
white white 
white 'White 
white white 
At pH 5 and 6 there seems to be more brom cresol purple 
absorbed by the H37Ra cells than the H37Rv cells. 
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Use of Brom Cresol 
---
Purple at pH 5-6 
Cells ~H 5 :EH 5.4 SH 6 Brom cresol purple PK 6.3 Rv greenish greenish luish 
yellow yellow 
yellow-purple Ra greenish greenish bluish 
O.OI~ Iellow Iellow 
color of dye - buffer yel!ow greenish 
alcohol mixture green :Eur:E le Eur~le 
Discarding test solution Rv greenish greenish white 
and suspending cells in yellow 
water Ra greenish gneenish grayish 
Absorption test using Rv 
telloW 
ight bluish white 
3 ee's of O.lN NaOH blue 
Ra blue blue light 
blue 
brom cresol purple Test so!ution too intense in color; 
0.12f difficult to read color of cells. 
color of dye-buffer orange 
alcohol mixture red red EurEle 
Discarding test solution Rv yellowish red purple 
and suspending cells in green 
water Ra yellowish greenish grayish 
Absorption test using Rv 
~reen 
1ue blue light 
3 cc of O.IN NaOH blue 
Ra very-dark dark blue 
blue blue 
There seems to be differential absorption of brom cresol 
purple by H3'7Rv and H3'7Ra cells at pH 5-6; at pH 6 and dye concen-
tration of 0.01% dye is absorbed by H3'7Rv cells there is sufficient 
dye absorbed by H3'7Ra cells to give it a light blue co lor. In-
creasing the concentration of the dye the overall absorption of 
the dye by both the H3'7Rv and H3'7Ra cells but a differential 
absorption between the two is still manifested. 
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Use of Brom Thymol Blue at Various ~ 
---
Cells ;:5 EH 6 ~7 EH 8 EH 9 ~ 10 E3rom thymol Rv ite white ite white white ite 
blue PK 6.8 
yellow Ra white white white white white white 
blue 
color of dye green-
buffer-alc yellow ish green blue blue blUe 
mixture Iellow 
Discarding yellow yellow-green- taint 
test soln. Rv yellow green ish ish white greenish 
and sus- yellow yellow light green- light 
pending Ra yellow green green green ish blue 
cells in H2O 
light light Absorption green-
test using Rv blue blue blue ish white white 
3 cc of O.lN dark green- green-
NaOH Ra blue blUe blue blUe ish ish 
; 
Using .01% bran thymol blue it is again seen that there 
is apparently more dye absorbed by the H37Ra cells than the H37Rv 
cells. 
ill .2! 0.1% ~ Thymol Blue at .elI ~ 
Cells EH 8 ~H 8.5 EH 9 SH 10 
Brom thymol blue Rv green! luish bluish luish 
0.1% * ish 
Ra ~reen blUe blue blue 
Color of dye-buffer- lue blue blUe blue 
alcohol mixture black black black black 
Discarding test Rv green- White White white 
solution and sus- ish 
pensing cells in Ra green green green blue-green 
water 
Absorption test Rv lIght 1ight green-
using 3 cc of O.lN blue blue ish greenish 
NaOH Ra dark dark dark 
blue blue blue blUe 
It was hoped that using a 0.1% solution of brom thymol 
blUe and pH somewhere between pH 8-10 there would be such a great 
different ion in color between the H37Rv and H37Ra cells that the 
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latter would be white in color and the former a rather intense 
blue. If such was the case a new test to differentiate the two 
would be produced but the results did not warrant this. 
* 
Difficult to read test due to intensity of color of test super-
natant. 
Brom Cresol Purple 
Differential Internal Eli Using Various Buffers 
Buffers to 
indicate differential internal 
Test Solution Cells Test ;Ett 7 lHS Elt 9 Elilo 
Dye 0.01% buffer white ight 
pH 4 50% alc Rv yellow bluish blue white white 
light light 
Ra xellow blue blue blue blue 
Color' of test so'Iution yellow 
Dye O.O'I% buffer light 
pH 5 50% methanol Rv yello\'\' green bluish white white 
light light light 
Ra xellow blue blue blue blue 
Color of test solution greenish 
yellow 
Brom Thymol Blue 
-
Differential Internal pH Using Various Buffers 
Buffers to 
indicate differential internal 
Test Solution Cells Test pH '7 pH 8 pli 9 pli 10 
IDye O.~f buffer green- light light light 
pH 4 59 methanol Rv yellow ish green- green green 
ish 
Ra yellow blue blue blue blue 
Color'o~ test solution yellow 
IDye O.~fl buffer light light light 
pH 6 50" methanol Rv yellow yellow yellow green green 
yellow blue 
Ra xellow xellow green green blue 
Color of test solution yellow 
green 
It was thought that this experiment might indicate wheth-
er there is a differential internal pH between the H37Rv and H37Ra 
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cells that is, the H37Ra cells have a higher internal pH accounti 
for the apparent greater coloration with the various dyes. The 
results show, however, that this is unlikely since if this was so 
increasing pH of the buffer treatment after its exposure to the 
dyes should make the H37Rv more similar in color with the H37Ra 
cells but this was not found to be the case. 
Incorporation ~ Neutral Red Into Loewenstein-Jensen Media 
H37Rv and H37Ra cells were inoculated respectively into 
1 tube each of Loewenstein-Jensen medium containing 0.004% neutral 
red and into one tube each of Loewenstein-Jensen medium containing 
.002% neutral red. 
H37Rv and H37Ra cells were inoculated respectively into 
I tube each of Loewenstein-Jensen media without malachite green 
but containing .002% neutral red final concentration. 
All tubes were incubated at 370 C and at 1, 3 and 6 week 
all tubes were inspected for any differential colorization between 
colonies of H37Rv and H37Ra. There were no clear cut differentia-
tion in color between the H37Rv and the H37Ra cultures. In all 
cases the colonies had a pink to red color depending on the con-
centration of neutral red in the medium. 
Modified Neutral Red Test Performed on Cells 
Pretreated With Brom ThymOl Blue 
H37Rv cells and H37Ra cells from 3 weeks old Loewenstein 
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Jensen cultures were treated with a mixture of 1 cc of 50% methanol 
1 cc of 0.1% brom thymol blue and 1 cc of pH 7 buffer for one hour. 
The cells were washed with water and then the modified neutral red 
test performed. 
H37Rv and H37Ra cells from 3 weeks old Loewenstein-Jenser. 
cultures were treated with a mixture of 1 cc of 50% methanol. 1 
cc of 0.1% brom thymol blue and 1 cc of pH 9 buffer for one hour. 
The cells were washed wi th water and the modified neutral red test 
performed. 
After PRJ H3 v 
H37Ra pH § 
H37Rv 
H37Ra 
pretreatment 
blue green 
blue green 
blue 
blue 
Mod. neutral red test 
blue plus lavender pink 
yellow green 
lavender pink 
yellowish green 
!bsorption test 
red (O.lN Hel) 
*red (O.lN Hel) 
red (O.IN Hel) 
*red (O.IN Hel) 
Apparently H37Rv and H37Ra cells that have absorbed Brom 
thymol blue are still capable of absorbing neutral red. 
~t- In the absorption test with the H37Ra cells the cells turned 
red immediately after adding the O.IN Hel, however, it took five 
minutes before these same cells would turn blue upon addition of 
O.lN NaOH. Upon addition of acid again t he cells would t urn red 
immediately once more and upon addition of base the cells would 
again take five minutes before turning blue. 
Incorporatio~ ~ ~ Th~ol Blue and Neutral 
Red in Loewenstein-Jensen Media 
H37Rv and H37Ra cells are inoculated respectively into 2 
100 
tubes each of Loewenstein-Jensen medium with no malachite green 
but containing 0.04~ brom thymol blue and 0.04% neutral red; Loe-
wenstein-Jensen media with no malachite green but containing 0.08% 
brom thymol blue and 0.04% neutral red; Loewenstein-Jensen media 
with no malachite green but containing 0.04% brom thymol blue and 
0.08% neutral red; Loewenstein-Jensen media containing no malachit4 
green but 0.02% each of brom thymol blue and neutral red. These 
were incubated at 370 C and at one, three and six weeks they were 
examined. Differential colorization between the H37Rv and H37Ra 
colonies were not noted. All colonies took up the red color of 
neutral red. However, it was thought that there might be a differ. 
ential decolorization with alkali. Thus H37Rv colonies and H37Ra 
colonies taken from the culture slants containing 0.02% each of 
brom thymol blUe and neutral red were treated With O.lN NaOH. 
Both the H37Rv and H37Ra colonies became instantly White; when 
treated with the barbiturate buffer of the neutral red test both 
the H37Rv and H37Ra colonies became White in a few minutes. 
CHAPTER V 
GENERAL DISCUSSION 
A study of the neutral red test has been made with the 
purpose of contributing to an understanding of the mechanism or 
this test and also to introduce a simpler, modified neutral red 
test. The problem is thus twofold and though related, for the 
sake of organization, an attempt has been made to keep them sepa-
rate. 
In the beginning it was thought that there were three 
possible explanations for the neutral red cytochemical test. They 
were thought to be: a) The virulent cells possesses some kind of 
a metabolic process, governed by an enzyme which reduced the neu-
tral red, whereas the avirulent cells lack this metabolic process 
or enzyme. b) The virulent cells possess some chemical constituen 
which is acidic in nature and is lacking or in lesser amount in thE 
avirulent cells. c) There is a difference in permeability between 
the virulent cells and the avirulent cells. 
With these three possible explanations in mind it was 
hoped that by studying the conditions and constituents necessary 
in performing the neutral red test some understanding of the mech-
anisms of the test would result. It was also thought that some 
insight into the mechanism of the neutral red test would be ob-
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tained by determining What experimental procedures would destroy 
the ability of the virulent cells to give a positive neutral red 
test. 
The first question considered was the significance of 
the 50% methanol pretreatment in the neutral red test. Whether 
this pretreatment was eliminated, or substituted with distilled 
water pretreatment, both the H37Rv and H37Ra cells showed a posi-
tive reaction (pink color). However this color was not as deep as 
the red color of the H37Rv cells when the 50% methanol pretreat-
ment was used. It was later noticed that when the test was read 
after 3 hours instead of 1 hour the original pink color of the 
H37Ra cells would disappear. It seems that the tween 80 albumin 
medium itself is on the acid side of neutral red since upon adding 
--
a few ccte of rhe medium to a mixture of the barbiturate buffer 
, 
and neutral red a reddish tinge would be seen in the originally 
amber colored solution. It was also noted that upon addition of 
a few ml of tween albumin medium (whether fresh, uninoculated 
media or mediA in which H37Rv or H37Ra cells have been growing) to 
H37Ra cells that had given a negative neutral red test a pink posi-
tive color would result. Absorption of the neutral red does not 
seem to be as great in cells not pretreated with the 50% methanol. 
This was determined by adding a few ml of 0.1 N Hel to cells that 
had undergone the neutral red test. 
The 50% methanol pretreatment removes What media may be 
clinging to the cells which might give the H37Ra cells a false 
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positive reaction and it also in some manner makes the H37Rv cells 
absorb more dye and subsequently a stronger positive neutral red 
reaction. The concentration of methanol can be varied from 30 to 
95% and yet have good differentiation between the H37Rv and H37Ra 
cells. Other chemicals such as isoamyl alcohol, isopropyl alcohol, 
butyl alcohol, pentane or petroleum ether could be used in place 
of the 50% methanol. 
The concentration of neutral red and barbiturate buffer 
as used in the neutral red test seems to be optimal. Decreasing 
the concentration of the neutral red decreases the oolor of the 
H37Rv cells and increasing the concentration gives the H37Ra oells 
a pink color. Decreasing the buffer concentration gives the aviru-
lent cells a pink color and increasing the buffer concentration 
lessens the oolor of the H37Rv cells. 
The next problem studied was the pH of the neutral red 
test. It was found that at pH 9.0 and below both the H37Rv and 
H37Ra cells are colored red. It is possible that at pH 9.0 and 
below there is present sufficient concentration of the red un-
dissociated form of neutral red which merely absorbs onto the 
H37Ra cells giving them a red color. However, it is also possible 
that the H37Ra cells are not totally deficient in that factor 
which is responsible for the H37Rv cells giving a positive neutral 
red reaction. Thus with the H37Ra cells the factor may be mani-
fested only when the pH of the system is brought down to 9.0 or 
below. 
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In any case the possibility that neutral red is not 
absorbed by the H37Ra cells can be dispensed with since a red 
color is manifested after adding O.lN HCl to H37Ra cells that had 
previously undergone the neutral red test. It was thought, how-
ever, that the H37Ra cells may not absorb as much dye as the H37Ra 
cells but contrary to what was expected it was shown that there is 
more dye absorbed by the H37Ra cells. 
Dubos and Middlebrook, 1948, specifies room temperature 
for the performance of the neutral red test. It has shown, how-
ever, that 25 0 C, 300 C or 370 C can be used with equally good differ· 
entiation between the H37Rv and the H37Ra cells. The color of 
H37Rv cells however seems to be more intense when the test is 
performed at 370 C. The intensity of the red color at room tempera· 
ture is sufficient and for convenience sake it would be just as 
well to perform the test at room temperature. However, in the 
modified neutral red test 300 C or 370 C shows a definite improve-
ment in the intensity of color in the H37Rv cells over that when 
performed at room temperature. Since in the diagnostic laboratory 
you would likely find a 370 C incubator it would be better to use 
370 C rather than 300 C as the latter may not be in use in most 
laboratories. Incubator temperature has the advantage of being 
constant whereas the room temperature is not constant. The effect 
of increasing the temperature on the intensity of the color of the 
H37Rv cells is more apparent in the modified neutral red test be-
cause here the color varies from a pink to a pink-red color wherea. 
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in the standard neutral red test the color varies from lavender 
red to red which is not as noticeable. At aOc the color of H37Rv 
cells is pinkish at 1 hour and, whereas when performed at higher 
temperatures there is a pinkish color as early as 10 minutes the 
H37Rv cells is white even up to 30 minutes. This gives the im-
pression that at aoC the reaction is slowed down. It is interest-
ing to note that when the H37Ra that have undergone the neutral 
red test at aOc were taken out from its 1 hour stay in the icebox 
and put into the 56 0 C water bath for 10 minutes the pinkish color 
that it had when in the icebox disappears. Following the same 
procedure with the H37Rv cells the pinkish color that was present 
after 1 hour at aoc was intensified to a pink color after 10 min-
utes at 56 oC. Again suggesting that the reaction is slowed down 
at low temperatures and speeded up at higher temperatures. At 
56 0 C however the reaction seems to be inhibited in that the H37Rv 
cells no longer show any trace of red. 
Apparently chemically or heat killed H37Rv and H37Ra 
cells can be differentiated just as well as unheated or non-chemi-
cally treated H37Rv and H37Ra cells. It seems unlikely that the 
neutral red reaction is due to any living process within the cells 
or dependent upon enzymes. Placing a water suspension of H37Rv 
cells in a bo~ling water bath for 1 to 2 hours either destroys or 
extracts that factor which makes H37Rv cells color red in the 
neutral red test. This effect of heat is not evident when the 
H37Rv cells are heated dry for 2 hours. 
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Recently methods ha ve been developed whereby proteolytic 
enzymes have been used in the isolation procedure of Mycobacterium 
tuberculosis and this was the reason for studying if proteolytic 
enzyme treated H37Rv a nd H37Ra are still able to be differentiated 
wi th the neutral red test. Whether treated with pepsin, trypsin 
or papain the H37Ra and H37Rv cells still gave clear-cut differen-
tial color reactions with the neutral red test. 
The neutral red which is absorbed by the H37Rv and H37Ra 
is capable of being extracted with methanol and various agents. 
The extracting ability of the methanol being greater as the con-
centration of alcohol is increased. The dye whioh is absorbed by 
the H37Rv cells seem to be extractable just as readily as the dye 
whioh is absorbed by the H37Ra cells. The extraction of the dye 
apparently does not disrupt the H37Rv cells in anyway with respect 
to their ability to give a positive neutral red test. They will 
again give a neutral red positive test if a second neutral red 
teat is performed after the dye from the first test has been ex-
tracted. If there is a specific chemical constituent in the H37Rv 
cells (which is found to be so later on) which is responsible for 
a positive neutral red test the oombination of the dye and this 
constituent is apparently reversible. 
~~ile studying whether the neutral red is absorbed by 
H37Ra cells it was first notioed that there is a differential time 
of decolorization with O.lN NaOH when applied to H37Rv and H37Ra 
cells that had undergone the neutral red test, the H37Ra cells 
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being acid ified after the neutra 1 red t est to manifest the dye 
that is absorbed. Two theories could be postulated to explain 
this: The dye which is absorbed by the H37Ra cells is not chemi-
cally bound whereas the dye which is absorbed by the H37Rv cells 
is bound chamically to some constituent in the cells. Thus de-
colorization in the H37Ra is merely dependent on entrance of the 
alkali into the cells to decolorize what unbound dye may be there. 
However, in the case of the H37Rv cells the alkali not only has to 
enter the cells but must also replace or break the bond between 
the absorbed dye and the chemical constituent to which it is bound 
The second possibility Which could be postulated is that the H37Ra 
cells are more permeable to the alkali then the H37Rv cells since 
it bas already been shown that there is a difference in permeabil-
ity between the H37Ra and the H37Rv cells. There is significantly 
more neutral red absorbed by the H37Ra cells. In this respect it 
is interesting to note that in 1956 DIArcy and Rees explained that 
the methylene blue virulence test was not so much the lack of 
dehycrogenase enzyme in the virulent organisms but rather due to 
a difference in permeability between the virulent and avirulent 
organisms. By treating the virulent organisms with surface active 
agents in concentrations Which might be expected to increase the 
permeabi lity of the cell they foUnd that they could reduce the 
decolorization time of methylene blUe by the virulent organisms 
from 90 minutes to 29 minutes Which is approximately the time re-
quired for avirulent cultures to decolorize the methylene blue. 
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If there is a greater permeability in the H37Ra cells 
as compared to the H37Rv cells it is conceivable that it might 
play an important part in the neutral red test. In support of 
this idea the present author has found that sonic treated H37Rv 
cells will give a negative neutral red test as the H37Ra cells in 
spite of the fact that a substance that will gtve a positive neu-
tral red test can still be extracted from them. It seems the ex-
planation lies in the fact that though the cells still possess the 
lipid substance which will give a positive neutral red test, their 
permeability has been altered by the sonic vibration. In support 
of this is the fact that H37Rv cells that have given a positive 
neutral red test and subsequently sonic treated will be deco10rizec 
immediately upon introduction in O.lN NaOH or the barbiturate 
buffer. This is true also of H37Re cells that have undergone the 
neutral red test and then acidified to manifest a red color. In 
contrast H37Rv cells colored red by the neutral red t est but not 
sonic treated will not be decolorized by O.lN NaOH or the barbitu-
rate buffer until 1 hour or longer. 
Knaysi (1941) indicated that neutral red could be used 
to distinguish between fats and fatty acids. The principle being 
that fats are stained yellow by more absorption of the dye base 
whereas fatty acids are stained red by forming a salt with the 
neutral red. Thus it is conceivable that the basis of the neutral 
red virulence test follows along this same principle, that some· 
fatty acid constituent in the virulent cells is responsible for 
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their giving a red color in the neutral red test. Somewhat 
supporting this theory is the observation that hydrolysis with 
Hel, which could conceivably hydrolyse this typothetical fatty 
acid, will make the H37Rv cells lose their ability to give a posi-
tive neutral red test. 
Using ether, a lipid like substance has been extracted 
from H37Rv cells Which sUbstance seems to be lacking in the H37Ra 
cells. The substance was not soluble in methanol or water but 
soluble in ether and chloroform. This sUbstance seems to be res-
ponsible in some way for the H37Rv cells giving a positive neutral 
red test as the lipid like substance itself will give a positive 
neutral red test. ~fuen extracted H37Rv cells, or unextracted or 
extracted H37Ra cells were coated with this sUbstance they give a 
positive neutral red test where formally they were neutral red 
negative. 
A modified neutral red test has been proposed in Which 
the alcohol pretreatment is eliminated by incorporating bhe alcoho 
with the neutral red and buffer in a 1:1:1 proportion. A compara-
tive study of this modified test and the standard neutral red test 
has shown close correlation between the two. It is possible that 
the modified method is not as sensitive as the standard method in 
that it will not detect those cultures which have very little of 
the lipid like sUbstance found in the virulent cells. This how-
ever does not detract from its usefulness as a preliminary screen-
ing test. There are indications that by using 1 cc of 3C%methano~ 
110 
instead of 50% methanol in the modified test and performing the 
test at 370 C instead of at room temperature the test could be in-
creased in sensitivity. In the authors opinion this would improve 
the modified neutral red test. The possibility exists also that 
by increasing the pH of the buffer the methanol can be omitted 
entirely. 
An unsuccessful attempt has been made to incorporate 
the neutral red in the Loewenstein-Jensen medium to produce a 
neutral red test in the culture as it grows out. 
Also unsuccessful was the attempt to use various other 
dyes in place of the neutral red. However these experiments did 
point out that the H37Ra cells seem to be more permeable than the 
H37Rv cells since it was shown that the H37Ra cells absorb more 
brom purple or brom thymol blue than the H37Rv cells. 
It has been shown also that brom thymol blue (an acid 
dye) and neutral red (a basic dye) can be located in the same celll 
at the same time. It is possible that the substance in the cells 
Which absorb the basic dye neutral red is superficial to the sub-
stance which absorvs the acid dye as the neutral red is manifested 
immediately upon adding acid to cells that were treated with neu-
tral red and brom thymol blUe Whereas these same cells will mani-
fest the brom thymol blue only after 5 minutes after adding the 
NaOH. 
CHAPTER VI 
SUMI{lARY AND CONCLUSION 
By varying the experimental conditions under which the 
Dubos-Middlebrook neutral red test is performed and by pretreating 
the H37Rv and H37Ra cells by various physical and chemical means 
prior to having the neutral red test performed on them several 
interesting facts regarding the mechanism of the test and the 
conditions under which the test should be performed were realized. 
A lipid-like substance that will give a positive neutral 
red test can be extracted from the H37Rv cells. 
It has been shown that H37Rv cells treated with sonic 
vibration will give a negative neutral red test in spite of the 
fact that a SUbstance that will give a positive neutral red test 
can still be extracted from them. The extraction of this sUbstanc 
from the sonic treated H37Rv cells and from untreated H37Rv cells 
was accomplished with the use of diethyl ether for 24 hours at 
37oC. On the other hand little or no detectable amount of this 
substance can be extracted from the H37Ra cells. 
Interestingly enough, H37Ra cells that have undergone 
the neutral red test and treated with a weak acid to manifest the 
neutral red dye that it has absorbed will be decolorized by }TaOH 
within several minutes whereas H37Rv cells under the same condition 
will take a hour or longer to be decolorized. Likewise, H37Rv 
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cells that give a positive neutral red test and subsequently sonic 
treated will behave identically as H37Ra cells in being rapidly 
decolorized When immersed in O.lN NaOH or the 1% barbiturate 
buffer. 
The theory is proposed that sonic treatment of the H37Rv 
cells increase the permeability of these cells such that their 
permeability approach that of the H37Ra cells and are thus de-
colorized as readily as the H37Ra cells. It is believed that this 
difference in permeability between the H37Rv and H37Ra cells play 
an important role in the neutral red test. 
In conclusion it can be said that there ar~ two factors 
Which seem to be responsible for the neutral red test. One, is 
the lipid- like substance Which is extracted with ether from the 
H37Rv cells. Two, is the difference in permeability between the 
H37Rvand H37Ra cells. The H37Ra cells are more permeable than 
the H37Rv cells thus facilitating entrance of the buffer into the 
H37Ra cells. 
By incorporating the 50~ methanol along with the buffer 
and neutral red in a 1:1:1 proportion and eliminating the alcohol 
prewashing a modification of the neutral red test has been proposec 
which by comparative study correlates well with the stsndard neu-
tral red test and could very well be applied as a screening viru-
lence test. 
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